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1.0 Purpose and Applicability



The purpose of this Standard Operating Procedure is to determine the impact, based on survival and
growth, of sediments to amphipods exposed under static renewal conditions. The assay involves 
exposing amphipods to a sediment over a 28 day period.  The assay is conducted using guidelines
developed by ASTM and is provided in Standard Test Methods for Measuring the Toxicity of
Sediment-Associated Contaminants with Freshwater Invertebrates  (ASTM E1706-05e).



Hyalella azteca (Saussure), Amphipoda, have many desirable characteristics of an ideal sediment
toxicity testing organism including: relative sensitivity to contaminants associated with sediment, short
generation time, contact with sediment, ease of culture in the laboratory, and tolerance to varying
physico-chemical characteristics of sediment.



At the end of the 28 day exposure period the amphipods are recovered and counted to establish
survival, then dried to establish growth expressed as the average weight/surviving individual and
average biomass (total biomass in a replicate divided by the number of organisms in that replicate
at the start of the exposure).



This document has been modified to meet project work scope requirements, specified by the U.S.
Environmental Protection  Agency, for the Lower Passaic River Ecological Risk Assessment. The
work is being conducted under contract to Windward Environmental, LLC. Modifications incorporated
into the document are related to the salinity of the overlying water used during the assay and culture
and acclimation of the test organisms. These modifications are being made to allow the use of a
single test species over an extended range of the project where salinity regimes vary beyond the
normal range utilized for the species.



2.0 Definitions



Overlying Water: The water placed over sediment in a test chamber during a test.



Reference Sediment: A whole sediment near an area of concern used to assess sediment conditions
exclusive of material(s) of interest. The reference sediment may be used as an indicator of localized
sediment conditions exclusive of the specific pollutant input of concern. Such sediment would be
collected near the site of concern and would represent the background conditions resulting from any
localized pollutant inputs as well as global pollutant input. This is the manner in which reference
sediment is used in dredge material evaluations.



Reference-Toxicity Test: A test conducted with reagent-grade reference chemical to assess the
sensitivity of the test organisms. Deviations outside an established normal range may indicate a
change in the sensitivity of the test organism population. Reference-toxicity tests are most often
performed in the absence of sediment.



Pore water: Water located in spaces between grains of sediment.



Sediment: Particulate material that usually lies below water. Formulated particulate material that is
intended to lie below water in a test.



Whole Sediment: Sediment and associated pore water which have had minimal manipulation. The
term bulk sediment has been used synonymously with whole sediment.
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3.0 Applicable Documents/References



ASTM.  2009.  Standard Test Method for Measuring the Toxicity of Sediment-Associated
Contaminants with Freshwater Invertebrates.  E 1706-05e, West Conshohocken, PA.



U.S. EPA. 2000. Methods for Measuring the Toxicity and Bioaccumulation of Sediment-Associated
Contaminants with Freshwater Invertebrates. Second Edition. EPA/R-99/064. March 2000.



ESI SOP# QA-1203-R5-2003: Preparation of Daphnia Food



ESI SOP#QA-1339-R4-2008: Collection of Sediment Pore Water Samples



ESI SOP#QA-1219-R0-2009: Use and Operation of the YSI Model 556 Multi Probe System meter



ESI SOP#QA-1114-R3-2003: Conduct of Reference Toxicant Assays



ESI SOP#QA-1341-R1-2009: Sulfide Analysis by Titration



ESI SOP#QA-1320-R6-2009: Statistical Analysis of Acute and Chronic Exposure Bioassay Data



ESI SOP#QA-1309-R4-2009: Computation of Hardness by Calculation Method



ESI SOP#QA-1326-R6-2009: Alkalinity by Lachat using the Automated Phenate Method



ESI SOP#QA-1325-R8-2009: Ammonia by Lachat



ESI SOP#QA-1336-R4-2007: Measurement of Total Organic Carbon using the Phoenix 8000 Analyzer



4.0 Materials and Apparatus



Test animals
Beakers, 400 mL, drilled and screened for flow through
Incubator/water bath capable of maintaining a temperature of 23 ±1EC
Dissolved oxygen meter, pH meter, conductivity meter, temperature logger
Light Meter
Balance, capable of reading 0.01 mg
Drying Oven, 60EC
Components for artificial sediment - fine sand, organic material
Sieves
YCT Food (See SOP #1203)
Refractometer



5.0 Methods/Procedures



5.1 Test Material



5.1.1 Test substances will be clearly identified as to source, collection date, period of
collection and description of collection methods.  The laboratory will identify sample
storage procedures and maintain receipt, storage, usage and disposition records. 



5.1.2 Project site sediments will be stored at 2-4EC in the original shipping container.
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Maximum holding time is 8 weeks. Once open, a sample container with remaining
sample will be purged using an inert gas prior to storage. Inert gas will be either
nitrogen or argon.



5.1.3 Prior to test preparation, the sediment is warmed to 23EC.



5.1.4 Prior to use, sediment total organic content (loss on ignition) is measured for each
sediment sample.



5.1.5 Prior to use in the assay, pore water salinity will be measured using a refractometer
or salinometer, as appropriate. Samples having a pore water salinity of #5‰ will be
identified as being tested using freshwater as the overlying water while all samples
having a pore water salinity of >5‰ will be identified as being tested using a 10‰
salinity overlying water.



5.2 Test Organisms



5.2.1 Healthy amphipods from the same source and age are used in the test.  Amphipods
will be between 7 and 8 days old.



5.2.2 Confirmation of species is provided by the supplier.  If not provided, ESI will use the
services of either the zoology department of the University of New Hampshire or the
taxonomy group of Normandeau Associates, Bedford, NH to confirm the species.
Organisms maintained by ESI will be from cultures of the confirmed species.



5.2.3 Pretest observation data concerning the source, handling procedures, disease
treatment (if any), health, feeding, mortality and mean dry weight of test animals will
be recorded and reported. Mean dry weight of organisms at the start of the assay are
based on that of 40 organisms measured in groups of 10. Growth, dry weight, of
similar aged adult amphipods will be monitored in both freshwater and saltwater.
Acclimated amphipod cultures will be monitored prior to use in the assays to provide
a qualitative measurement of growth in the two culture systems. Young production
in all cultures will be qualitatively compared to determine if there are substantial
differences in reproduction between freshwater cultures and saltwater-acclimated
cultures.



5.2.4 Organisms used in the assays will be selected from cultures of appropriate salinity.
Salinity levels utilized will be either freshwater, <0.5‰, or 10‰, depending on the
pore water salinity of an individual sample.



5.3 Exposure Conditions



Exposure conditions and monitoring requirements detailed in the following paragraphs are
the minimum requirements specified by ESI for this assay.



5.3.1 Sediments are placed in vessels, overlying water is added and the samples are
allowed to settle overnight before organisms are added to the test. 



5.3.2 A laboratory control will be established for both fresh and salt water sample sets.



5.3.3 Assays are conducted in a static renewal mode.  Overlying water is renewed on a
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daily basis, at the rate of two (2) volume additions per day.



5.3.4 Mean water temperature is 23 ±1EC. Maximum temperature deviations should not
exceed ±3EC of the specified value at any time.



5.3.5 The photoperiod is set to 16 hours light : 8 hours dark.  Light intensity is 100 to 1000
lux from wide spectrum fluorescent fixtures.



5.3.6 The test vessels are 400 mL beakers containing 100 mL of sediment and  225 mL
of water.



5.3.7 Sediment for the laboratory control treatment will be a formulated sediment.
Formulated sediments will be prepared, by weight, as follows:



Fine grained sand - 95%
Organic matter -   5% (approximate)



Sand used will be an equal mix of F-75 and F-65 unground quartz (silica) sand
provided by New England Silica



The preferred source for organic matter in the artificial sediment is the organic matter
recovered from either midge larvae or amphipod cultures. The material is screened
to remove large matter and then autoclaved for a half hour to insure sterility. Organic
content of the control sediment will be adjusted prior to the start of the assay to be
representative of that of the project site sediments.



5.3.8 The type of the overlying water will be determined based on individual sample pore
salinity. Samples with a pore water salinity of #5‰ will use freshwater as the
overlying water while all samples having a pore water salinity of >5‰ will use an
overlying water of 10‰. 



5.4 Study Conduct



5.4.1 The animals are exposed for 28 days to the test sediment and to the untreated
control sediment, under static renewal conditions.  Overlying water renewal is equal
to two (2) volume additions per day.



5.4.2 A representative sample is obtained from sediment provided. Test sediments are
homogenized and 100 mL placed in each test chamber. Sediments may be dry-
sieved  through a $3 mm screen to remove debris.  225 mL of water is added to the
test chamber and allowed to settle overnight. Aeration is provided to each test
chamber if the dissolved oxygen levels are <2.5 mg/L.  Aeration is designed to
provide approximately 1 bubble/second and set so as to not disturb the sediment
surface. Prior to the addition of the test organisms, any floating detritus is removed
from the surface of the water.



5.4.3 Overlying water.



5.4.3.1 Overlying water for samples having a pore water salinity of #5‰ will be
moderately hard reconstituted laboratory water prepared as specified in
Table 1 (page 26) of EPA-600/4-91/002 mixed with a natural surface water
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on a 50/50 basis. Surface water will be filtered, 100µm, prior to addition to
the reconstituted water. Conductivity of the overlying water will be
documented and reported on a daily water quality sheet prior to use in the
assay.



5.4.3.2 Overlying water for samples having a pore water salinity of >5‰ with be
saltwater having a salinity of 10‰. The 10‰ saltwater will be prepared by
diluting natural saltwater with deionized water. Natural saltwater will be
filtered, 100 µm, prior to dilution. Salinity and conductivity of the overlying
water will be documented and reported on a daily water quality sheet prior
to use in the assay.



5.4.3.3 Daily overlying water renewals will be made using a systems developed by
ESI. The system provides equal flow to a specified number of test
chambers, variable based on test chamber size. Flow to each chamber is
controlled by fixed diameter orifice. The total amount of overlying water to
be exchanged is computed and added to the unit. Flow starts when water
is added to the system on Day -1. Water is added to the system so that all
water required for the renewal is added within 15 seconds. If the system can
not hold sufficient water for the 2 volume additions then a second addition
to each chamber will be made. Flow rates will be set prior to the start of an
assay and maintained constant throughout the assay. Flow rates will be set
to minimize disturbance of and re-suspension of the sediment surface and
so as not to cause water levels to exceed that of the overflow in the test
chamber. 



5.4.4 Test organisms will be 7 - 8 days old at the start of the assay. 



5.4.5 Each treatment group will consist of 80 animals, 10 animals per test vessel. The
animals are randomly assigned to the test vessels on day 0.



5.4.6 Measurement of Water Characteristics



5.4.6.1 Prior to renewal, temperature, dissolved oxygen, specific conductance,
salinity and pH are measured daily during the test, in a surrogate test chamber for
each treatment. Surrogate chambers will be treated in the same manner as all other
replicates and will receive test organisms and will be fed on the same schedule.



5.4.6.2 Temperature is recorded hourly using a data-logger placed in a separate
sealed test chamber containing dry control sediment.



5.4.6.3 Alkalinity, hardness and ammonia of the overlying water are measured in the
overlying water of a surrogate test chamber for each treatment at the start of the test,
and weekly thereafter.  TOC of the overlying water is measured in a surrogate at the
start and end of the assay. Pore water salinity, pH, ammonia, hardness and alkalinity
will be measured in a subsample of each sediment sample prior to the start of the
assay.



5.4.6.4 At the end of the assay, pore water ammonia levels will be determined for
each sample treatment. Pore water for this analysis will be collected from the
surrogate test chamber.
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5.4.7 Amphipods are fed 1.0 mL of YCT food per vessel, solids content 1800 mg/L, daily.
Feeding will be suspended if fungus is noted forming on more than approximately
25% of the sediment surface.



 5.4.8 The assay is terminated on day 28. Sediments are placed on an appropriately sized
screen and gently washed with fresh water to remove sediment. Material remaining
on the screen is examined to recover remaining amphipods. Any amphipod that
shows signs of movement is considered alive, and counted.



5.4.9 All surviving amphipods from an individual replicate are rinsed with lab water, to
remove any detritus, placed on a tared pan and dried at 60EC for 24 hours. Pans
are allowed to cool to room temperature in a desiccator and weighed to the nearest
0.01 mg. 



6.0 Quality Control Requirements



6.1 Reference Toxicant Evaluation



A reference toxicant evaluation should be conducted with each series of assays, ESI
SOP#1114-R3-2003.  The reference toxicant shall be a 96-hour ‘water only’ test conducted
with cadmium chloride. A separate reference toxicant will be conducted for organisms
maintained in each water type, fresh and salt.



6.2 Interferences



Living organisms present in the sample may compete with the amphipods or  may be
predators, reducing overall survival. This impact may be mitigated by sieving samples prior
to testing.



7.0 Calculations/Reporting



7.1 Data Analysis



Survival and growth data from each treatment will be subjected to analysis of variance
(ANOVA) to determine if significant differences exist between treatments and the control.
Statistical evaluations will be made with CETIS® software using appropriate standard
statistical models.



7.1.1 Prior to statistical analysis, the survival and growth data will be reviewed to
determine the presence of outliers.  If outliers are found, an explanation must be
sought. If a reasonable source for the deviation is found, the value may be excluded
from further analysis.  If no explanation is found, the analysis should be performed
both with and without the questionable data point and both sets of results reported.
All data sets are evaluated to determine sample variance homogeneity and
normality.  Those data sets meeting the criteria for normality and homogeneity are
evaluated with parametric statistical models, while those that do not meet both
criteria are evaluated using non-parametric models.











ENVIROSYSTEMS, INCORPORATED SOP Number: QA-1467
STANDARD OPERATION PROCEDURE  Issued: 6/00



Revision Number: 7
Page: 8 of 11



TITLE: Assessment Toxicity (28-Day) of Sediments To The Amphipod, Hyalella azteca based
on Survival and Growth -Project Specific Document. Rev. 6



This document is the property of EnviroSystems, Incorporated.  All information contained herein is confidential.
No parts may be used or distributed without Permission of EnviroSystems, Incorporated.



7.1.2 Endpoints evaluated are: survival and growth (dry weight) at day 28.Growth
endpoints evaluated include both dry weight and dry biomass. Dry weight is
determined as the total dry weight divided by the number of surviving/recovered
organisms. Dry biomass is determined as total dry weight divided by the number of
organisms used per replicate at the start of the assay.



7.1.3 Statistical comparisons for each sample site will be made against the laboratory
control treatment plus each project reference site or as otherwise specified. Project
reference sites may also be compared to one another.



7.2 Reporting



Reports generated from this study will include: summarization of collection and transportation
information (as provided), methods and materials, test organism history, test conditions,
documentation of variations from the  proposed work scope, and results and data analysis.
Copies of all statistical printouts and raw data are attached as an appendix to the report.



8.0 Corrective Actions



8.1 Acceptability Criteria



8.1.1 The amphipod assay is considered acceptable if environmental parameters
(temperature, dissolved oxygen, salinity, pH, alkalinity and hardness) fall within the
ranges specified.  Survival in the control sediments after 28 days will be $80%. 



8.1.2 Criteria specified in Section 11 will be met.



8.2 If survival fails to meet the minimum value specified by the protocol, the client will be notified
and the test restarted. 



  
8.3 If water quality values fall outside study limits the Laboratory Manager, using sound scientific



practice, will determine if the study requires repeating or the data is allowed to be accepted.
The client will be notified, the results reviewed and a final determination made as to the
acceptability of the data.



8.4 In the event that an element of the assay falls outside acceptable limits, or there is a change
in the protocol, a Corrective Action Report must be initiated and completed.  



9.0 Health and Safety



9.1 As with all samples, gloves and safety glasses should be worn when handling sediment
samples and chemicals.  It is advisable to wear a lab coat to protect clothing.



9.2 At the end of an assay excess sample material and material used in the assay will be
disposed of appropriately.  Material may be returned to the client, or air dried and placed in
an appropriate container for disposal at an approved disposal facility. If the material is
classified as non-hazardous, the material may be disposed in an appropriate waste container.



9.3 Assays and sample disposal will be conducted using procedures to minimize potential
pollution of surface and ground waters, soils and sediments.
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10.0 Responsibilities 



10.1 It is the Lab Manager's responsibility to ensure analysts performing this procedure are
properly trained and the training is documented in their training file.  The analyst is
responsible for following the procedures outlined in this SOP.



10.2 Prior to any staff member working unsupervised on a testing procedure, they must be
certified by the Laboratory Manager.  Certification will include reading this and associated
SOPs, review of the primary literature and participation in similar procedures under the direct
supervision of a trained staff member. Certification will be based upon a review of the
persons’ demonstrated abilities.
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11.0 Summary of Test Conditions



1. Test Mode: Static renewal
2. Overlying Water Renewal: 2 Volume additions per day
3. Temperature: Mean 23 ±1EC with no values exceeding limits of ±3EC of the mean
4. Photoperiod: 16 hr light:8 hr dark
5. Light Source: Wide-spectrum fluorescent
6. Light Intensity: Approximately 400 to 600 Lux
7. Test Chamber: 400 mL beakers
8. Test Solution Volume: 100 mL sediment; 225 mL overlying water
9. Organisms/Chamber: 10
10. Replicates/Treatment: 8
11. Organisms per Treatment: 80
12. Age of Organisms: 7 - 8 days
13. Food Source: YCT mix; 1800 mg/L solids 
14. Feeding Regime: 1.0 mL YCT daily  
15. Overlying Water: For samples having a pore water salinity of #5‰ a mix of moderately



hard synthetic water (hardness of 40 - 100 mg/L, alkalinity of 20 - 70
mg/L) and natural surface water. Hardness and alkalinity of overlying
water shall not vary by 50% during the assay. For samples having a pore
water of >5‰ the overlying water will be 10‰ salt water



16. Aeration: 1 bubble/second, if dissolved oxygen falls below 2.5 mg/L
17. Test Duration: 28 Days
18. Endpoint: Mortality and growth (dry weight to 0.01 mg and/or length to 0.01 mm)
19. Sample Holding Time: 8 weeks at 2-4EC after collection from the field
20. Acceptability: Control survival equal to or exceeding 80% and  measurable growth in



control treatment. Hardness, and alkalinity of overlying water not to vary
by 50% during assay



21. Analytical Support: Daily measurement of temperature, dissolved oxygen, specific
conductance, salinity and pH in overlying water of one replicate of each
treatment. Measurement of alkalinity, hardness and ammonia  in
overlying water of one replicate of each treatment at the start and end of
the assay plus weekly during the assay. Measurement of salinity, pH,
ammonia, hardness and alkalinity in water isolated from a sub-sample of
whole sediment prior to the start of the assay. Measurement of ammonia
in pore water isolated from  sediment in the surrogate test chamber at the
end of the assay. Hourly temperature measurement in a separate test
vessel
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12.0 Organism Culture - 10‰ Salinity  



Hyalella azteca  will be acclimated to 10‰ salinity prior to use in assays requiring elevated overlying
water salinity.  Amphipod cultures will be maintained at the 10‰ salinity for a minimum of 1 month
prior to use in the assays. Guidance for salinity adjustment and salinity tolerance was obtained, in
part, from Chris Ingersoll. Dr. Ingersoll is the Branch Chief, Toxicology, at the U.S. Geological Survey
Columbia Environmental Research Center. Based on communications with Dr. Ingersoll, the following
acclimation and culture protocol will be responsive to the requirements of this program. Historical data
from work conducted by the Columbia Environmental Research Center staff indicate that H. azteca
cultured at 10‰ exhibited no negative responses when used in short-term exposure assays.



12.1 Acclimation



12.1.1 Acclimation from freshwater, culture water of<0.5‰ salinity, to 10‰ should be at a
rate of salinity change of no more that 2‰ per day.



12.1.2 Salinity shall be adjusted by the addition of natural seawater.



12.1.3. Salinity will be measured using a refractometer or salinometer.



12.1.4 Daily acclimation will be maintained.



12.2 Culture



12.2.1 Once at the appropriate salinity, 10‰, organism culture techniques will follow
standard protocol with respect to feeding, culture renewal and general maintenance.



12.2.2 Salinity will be measured on a regular basis as part of routine culture maintenance.



12.3 Additional Support



12.3.1 Once the cultures have become acclimated to the target salinity a series of reference
toxicant assays will be conducted to establish a database for the acclimated
organisms.



12.3.2 Once the cultures are of sufficient age, they will be examined weekly to establish that
reproduction is occurring.



12.3.3 When a culture is started, a representative group of amphipods will be randomly
selected and their dry weight determined. After 28-days, a group of adults will be
removed from the culture for the purpose of obtaining dry weights. Data will be
evaluated to determine that growth has occurred and compared to historical growth
data associated with routine cultures.



Reference



C. Ingersoll. 2009. Personal communication. Branch Chief, Toxicology, U.S. Geological Survey Columbia
Environmental Research Center.
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3.0 Detection and Quantitation Limits 



 
3.1 Method Detection Limits (MDLs) are determined as described in Alpha Analytical SOP# 



08-05. MDLs are performed annually or if there is a major change in instrumentation or 
method procedure. 



 
3.2 The Practical Quantitation Limit (PQL) or Reporting Limit (RL) is equivalent to the 



lowest standard concentration, analyzed with and included in the initial calibration curve.  
For most organic analyses, the PQL or RL is equivalent to 3 to 5 times the determined 
MDL.  



 
4.0 Scope and Application 



 
4.1 This method is applicable to the analysis of sample extracts for parent and alkylated 



polynuclear aromatic hydrocarbons (PAHs), selected heterocyclic compounds, steranes, 
triterpanes and triaromatic steroids by gas chromatography / mass spectrometry with 
selected ion monitoring (GC/MS-SIM). Target analytes listed in Tables IA and IB are 
determined and measured in the concentration range of 10 to 10,000 parts per trillion 
(ng/L) for water samples, and 1 to 1,000 parts per billion (ug/Kg) for soil, sediment and 
tissue samples, and 2 to 2,000 parts per million (mg/Kg) in petroleum product samples.  
Analytes detected over these ranges will be diluted and re-analyzed for accurate 
quantitation. Lower detection limits can be achieved if large volume injection (LVI, from 
1uL to 50uL volume injections) techniques are employed. This technique requires Client 
and project specific requests. 



 
4.2 This method is intended to assist in the identification or “fingerprinting” of source 



material against a potentially contaminated site and can also provide information to assist 
in the identification of petrogenic or pyrogenic contamination. 



 
5.0 Summary of Method 
 
5.1 An aliquot of a well mixed, homogeneous aqueous, solid, tissue or petroleum sample is 



accurately measured or weighed for sample preparation. Generally, 1L of water sample, 15-
30g of soil, sediment or tissue sample, and 0.1g of petroleum sample. Please refer to the 
appropriate Alpha Analytical SOPs for extraction methods and sample preparation 
information:  



 
• Method 3510C – Extraction of Water Samples by Separatory Funnel (OP-001),  
• Tissue Preparation and Homogenization (OP-003) and Tissue Extraction by 



Tissuemizer Probe (OP-019) 
• Shaker Table Extraction (OP-013) 
• Waste Dilution and Oily Material Preparation (O-018) 
• Gravimetric Determination (OP-017) 
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Water, soil/sediment, tissue and petroleum samples are spiked with surrogate compounds 
and extracted using methylene chloride. Sample extracts are concentrated and preliminarily 
screened for oil content following Alpha Analytical SOP Gravimetric Determination (OP-
017). Gravimetric screening is essential at times to ensure the analytical equipment, as well 
as the cleanup columns, are not overloaded with oil laden samples. Samples may be 
cleaned by Alumina Column Cleanup (OP-009), or they may then be exchanged into 
hexane for optional cleanup and/or fractionation into saturated (F1) and aromatic (F2) 
fractions prior to analysis. See the SOP Silica Fractionation and Cleanup (NF02-001) for 
additional sample cleanup information and details. 



 
5.2 After cleanup, the extracts are concentrated to an appropriate final volume based on oil 



content as determined by gravimetric weighing, spiked with internal standards, and 
analyzed by GC/MS-SIM.  Analytes are introduced into the GC/MS by injecting a known 
volume of the calibration standards, quality control samples, and sample extracts into the 
GC equipped with a narrow-bore capillary column. The GC column is temperature 
programmed to separate the analytes, which are then detected with a mass spectrometer 
operating in the selective ion mode. Identification of target analytes is accomplished by 
comparing retention times and mass spectra with the retention times and electron impact 
spectra of the calibration standards. Concentrations are determined using mean relative 
response factors from a multi-level calibration curve.  Response factors for target analytes 
and surrogate compounds are determined relative to the internal standards.  Multi-
component analytes (alkylated PAHs) are assigned the response factors of their 
unsubstituted, parent compounds. Sterane compounds are assigned the response factor of 
the compound 5B(H)-Cholane. Triterpane compounds are assigned the response factor of 
the compound 17A(H), 21B(H)-Hopane. 



 
6.0 Definitions 
 
Accuracy 
A determination of how close a measured value is to a known true value, usually measured as the 
percent recovery of a spike analysis. 
Aliquot 
A measured portion of a sample taken for analysis. 
Analyte 
The chemical element or compound an analyst seeks to determine; the chemical element of 
interest. 
Analytical Batch 
The basic unit for analytical quality control, defined as samples that are analyzed together with 
the same method sequence and the same lots of reagents and with the manipulations common to 
each sample within the same time period or in continuous sequential time periods. Samples in 
each batch should be of similar composition (e.g., groundwater, sludge, and ash). 
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Analytical Sample 
Any solution or media introduced into an instrument, on which an analysis is performed, 
excluding instrument calibration, initial calibration verification and continuing calibration 
verification. The following are all analytical samples: undiluted and diluted samples, 
predigestion spike samples, duplicate samples, serial dilution samplers, analytical spike samples, 
postdigestion spike samples, interference check samples, laboratory control sample, preparation 
blank, and linear range analysis sample (LRS). 
Area 
A term used in gas chromatography that indicates the peak area of a compound exiting a 
chromatographic column. The size or area of the peak is proportional to the amount of analyte in 
the sample. 
Assessment 
The evaluation process used to measure the performance or effectiveness of a system and its 
elements. Assessment is used as an all-inclusive term to denote any of the following: 
performance, systems, data and compliance audits, management systems reviews, peer reviews, 
inspections, or spot assessments. 
Audit 
A planned and documented investigative evaluation of an item or process to determine its 
adequacy and effectiveness as well as compliance with established procedures. 
Background Correction 
A technique usually employed relative to metals analysis, which compensates for variable 
background contribution to the instrument signal in the determination of trace elements. 
Bias 
A systematic (consistent) error in test results. Bias is expressed as the difference between the 
population mean and the true or reference value, or as estimated from sample statistics, the 
difference between the sample average and the reference value. 
Blank 
An artificial sample designed to monitor the introduction of artifacts into the measurement 
process. For aqueous samples, reagent water is used as a blank matrix. A universal matrix does 
not exist for solid samples; therefore, no matrix is routinely used. There are several types of 
blanks, which monitor a variety of processes: - A method blank is taken through sample 
preparation and analysis only. It is a test for contamination in the laboratory procedure. – A 
storage blank is stored and analyzed with samples at the laboratory. It is a test for contamination 
in sample storage as well as sample preparation and analysis. – A trip blank is shipped to and 
from the field with the sample containers. It is not opened in the field and, therefore, provides a 
test for contamination from sample preservation, site conditions, and transport as well as sample 
storage, preparation, and analysis. It is most commonly used for volatile organics. – A field blank  
 
is opened in the field and tests for contamination from the atmosphere as well as those activities 
listed under trip blank. 
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Blind Performance Evaluation Sample 
A sample either submitted to the laboratory or prepared in the laboratory whereby the 
concentrations of parameters of concern are known by the preparer and not by the laboratory. 
BNA 
Base, neutral and acid extractable compounds. The terms base, neutral and acid refer to the pH 
condition of the sample undergoing extraction. Certain compounds extract more efficiently from 
water under acidic or basic conditions. 
Calibration 
The systematic determination of the relationship of the response of the measurement system to 
the concentration of the analyte of interest. Instrument calibration performed before any samples 
are analyzed is called the initial calibration. Subsequent checks on the instrument calibration 
performed throughout analysis are called continuing calibration. Calibration is also the act of 
making a scheduled comparison of instrument performance against national standards for 
instruments which measure physical parameters such as mass, time, and temperature. 
Calibration Curve 
The graphical relationship between the known values for a series of calibration standards and 
instrument responses. 
Calibration Factor (CF) (Also see RF and RRF) 
The ratio of the instrument response of an analyte to the amount injected. CFs are used in 
external standard calibrations. 
Calibration Standard 
A material used to quantitate the relationship between the output of a sensor and a property to be 
measured. Calibration standards should be traceable to Standard Reference Materials (provided 
by NIST, EPA, or other recognized standards agencies) or a primary standard. 
Capillary Column GC 
A GC technique that uses a very long (30-60m) small id (0.2mm) glass column instead of the 
traditional packed GC column (1.8M by 2mm) for separation of chemicals.  
CERCLA 
The Comprehensive Environmental Response, Compensation and Liability Act, also known as 
‘Superfund’. Enacted December 11, 1980, CERCLA provides for identification and cleanup of 
hazardous materials released over the land and into the air, waterways and groundwater. It covers 
areas affected by newly released materials and older leaking or abandoned dump sites. CERCLA 
established the Superfund, a trust fund, to help pay for cleanup of hazardous materials sites. The 
EPA has authority to collect cleanup costs from those who release the waste material. Cleanup  
 
funds come from fines and penalties, from taxes on chemical/petrochemical feed stocks, and the 
U.S. Department of the Treasury. 
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Certified Reference Material  
A reference material accompanied by a certificate issued by an organization certifying the 
contents and concentration(s) of the material. (See also Standard Reference Material.) 
Chain of Custody 
Procedures and associated documents designed to trace the custody of a sample from the point of 
origin to final disposition, with the intent of legally demonstrating that custody remained intact 
and that tampering or substitutions were precluded. 
Chromatogram 
A graph representing the signal output of an instrument (GC or HPLC) which can be used to 
identify organic chemicals by peak retention time (RT) and to quantitate by peak size. 
Clean Water Act (CWA) 
Regulates the discharge of nontoxic and toxic pollutants into surface waters. The CWA became 
effective November 18, 1972, and has been amended significantly since then. Its ultimate goal is 
to eliminate all discharges into surface waters. EPA sets guidelines and state agencies issue 
permits (e.g., National Pollutant Discharge Elimination System permits) specifying the types of 
control equipment and allowable discharges for each facility. 
Code of Federal Regulations (CFR) 
A collection of the federal regulations established by law and published by the Government 
Printing Office. Environmental regulations are codified in Title 40 of the CFR. 
Coefficient of Variation (Relative Standard Deviation) 
A measure of precision (relative dispersion). It is equal to the standard deviation divided by the 
mean and multiplied by 100 to give a percentage value. 
Co-elution 
When two organics determined by GC give the same retention time (RT) and cannot be 
differentiated. 
Comparability 
Expresses the confidence with which one data set can be compared to another data set measuring 
the same property. Comparability is assured through the use of established and approved 
analytical methods, consistency in the basis of analysis (wet weight, volume, etc.) and 
consistency in reporting units (ppm, ppb, etc.). 
 
Completeness 
The amount of valid data obtained from a measurement system compared to the amount that was 
expected to be obtained under correct normal operations. It is usually expressed as a percentage. 
Composite 
A sample composed of two or more increments. 
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Concentration 
The amount of chemical (analyte) present per amount of sample. For trace analyses, usually 
expressed as ppm, ppb, or ppt. 
Confirmation 
In gas chromatography, an unknown compound in a sample is identified on the basis of its 
retention time on a specific chromatographic column. Because several compounds may exhibit 
the same retention time on a given column, a secondary confirmation on a different column or 
detector is often recommended for additional confidence in the compound identification. This 
additional confirmation is often referred to as “dual-column” or “second-column” confirmation. 
Contract Laboratory Program (CLP) 
A program coordinated through the EPA to provide a wide range of analytical services by 
commercial laboratories in support of investigation, remediation, and enforcement actions at 
Superfund sites. Laboratories participating in this program are under contract to the EPA and 
must follow very specific analytical protocols during analyses and data delivery, as specified in 
the Statement of Work associated with the contract. 
Control Chart 
A graphical representation of analytical accuracy. Displays the arithmetic mean of a data set, the 
upper and lower warning limits and the upper and lower control limits.  
Corrective Action 
A measure taken to rectify conditions adverse to quality and, where necessary, to preclude their 
recurrence. 
Correlation Coefficient 
The correlation coefficient is a determination of how closely data “fits” a straight line. It is a 
number between –1 and 1 that indicates the degree of linear relationship between two sets of 
numbers. 
Data Quality Objective (DQO) 
During the planning phase of a project requiring laboratory support, the data user must establish 
the quality of data required from the investigation. Such statements of data quality are known as 
DQOs. Qualitative and quantitative statements about the data required to support specific 
decisions or regulatory actions, DQOs must take into account sampling considerations as well as 
analytical protocols. 
 
Data Validation 
See Validation. 
Decafluorotriphenylphosphine (DFTPP) 
An organic compound utilized in several GC/MS methods to establish proper mass spectral 
instrument performance for semi-volatile analyses. 
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Degrees of Freedom 
The number of independent deviations used in calculating an estimate of the standard deviation.  
Dissolved Solids 
Disintegrated organic and inorganic material contained in water. Excessive amounts make water 
unfit to drink or use in industrial processes. 
Double Blind Performance Evaluation 
A sample that contains select parameters at defined levels. The levels are unknown to the 
laboratory. The laboratory is also unaware that the sample is a performance evaluation sample. 
Dry Weight 
The weight of a sample based on percent solids. Also, the weight of a sample after drying in an 
oven at a specified temperature. 
Effluent 
Treated or untreated wastewater that flows out of a treatment plant, sewer or industrial outfall. 
Generally refers to wastes that are discharged into surface waters and are regulated under the 
Clean Water Act. Effluent limitations are restrictions on quantities, rates and concentrations of 
wastewater discharges that are established by a state or EPA. 
External Standards 
A method of quantifying chromatographic data in which standards of known concentrations are 
analyzed prior to unknown samples. The chromatographic peak area (or height) of a sample 
component is compared to a calibration curve of a peak area constructed from the standard data 
for that component. This comparison allows the concentration of the component in the sample to 
be determined. 
Extract 
The solution (liquid) remaining after a sample has been contacted with an aqueous solution (for 
inorganics) or an organic solvent (for organics). The extract, containing the chemical of interest, 
is then processed and analyzed by AA, ICP, or wet chemical techniques (inorganics and metals) 
or by GC/MS, or HPLC (organics). 
Extractables 
Organic chemicals which generally contain six to thirty carbon atoms and are amenable to GC, 
GC/MS, or HPLC analysis. (Also called Semi-Volatile Organics). 
 
Extraction 
The process of isolating chemicals of interest from a sample matrix (e.g., water, soil) when the 
sample cannot be analyzed directly. 
Error 
The difference between an observed or measured value and its true value. 
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False Negative Result 
A term used to describe a result that was incorrectly reported as “not detected”. 
False Positive Result 
A term used to describe a result that was incorrectly reported as present. False positives can be 
checked by analyzing blanks. 
Field Blank 
A blank that is prepared and handled in the field and analyzed in the same manner as its 
corresponding client samples. 
Field Screening 
An investigative technique utilizing analytical chemistry at or near a work site to rapidly 
determine the presence or absence of environmental contaminants and/or the approximate 
concentrations of a specific target of compounds. 
Finding 
An event discovered during an audit which, if continued, is sufficient to render the quality of an 
item unacceptable or indeterminate. 
Flame Ionization Detector (FID) 
A gas chromatography detector in which the column effluent gas is mixed with hydrogen and 
burned in air or oxygen. The ions and electrons produced in the flame generate an electric 
current proportional to the amount of material in the detector. The FID responds to nearly all 
organic compounds, but it does not respond to air and water, which makes it exceptionally suited 
to environmental analysis. 
Flash Point 
The lowest temperature at which a flammable liquid gives off sufficient vapor to form an 
ignitable mixture with air near its surface or within a vessel. Combustion does not continue. 
Used to characterize a waste as hazardous or non-hazardous in terms of flammability.  
Full Scan 
The process of monitoring all of the ions formed when a molecule is bombarded with electrons 
in the mass spectrometer. 
 
 
Gas Chromatography (GC)  
A technique for detecting organic compounds by using their physical and chemical properties to 
separate a mixture. The compounds are identified and quantified with various types of detectors 
as they exit the chromatograph. Selection of detectors is dependent on the particular compounds 
of interest. 
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GC/ECD 
A GC with a detector (Electron Capture) selective for halogenated organic chemicals (usually 
chlorinated pesticides and PCBs), used in Methods 608, 8081, 8082. 
Gas Chromatography/Mass Spectrometry (GC/MS) 
A technique in which sample analytes are bombarded with electrons as they exit a gas 
chromatographic column and are fragmented into characteristic ion patterns. The mass 
spectrometer is the detector. It can determine which fragments are present and therefore the 
identity of the compounds. 
GC/N/P 
A GC with a detector (N/P) selective for organic chemicals which contain nitrogen and 
phosphorus usually organophosphorous or triazine pesticides). Also referred to as GC/TSD 
(Thermionic Specific Detector).  
GC/PID 
A GC with a detector (Photo Ionization) selective for aromatic hydrocarbons. 
Gravimetric 
Analyses based on the direct or indirect weighing of the analyte in question. This technique 
usually requires the use of an analytical balance with a sensitivity of 0.1 mg or better. 
Hazardous Waste 
Waste regulated under RCRA that can pose a substantial or potential hazard to human health or 
the environment when improperly managed. Such wastes possess at least one of four 
characteristics (ignitability, corrosivity, reactivity, or toxicity) or appear on special hazardous 
waste lists. The term is not interchangeable with hazardous substance or material.  
Headspace 
Any area in a container not completely filled by the sample in which gases can collect. 
High Resolution GC/MS (HR/GC/MS) 
A GC/MS that uses both an electromagnet and permanent magnet to detect ions produced by the 
ion source. By using both magnets in series, very small differences in mass (0.003) can be 
detected. This type of instrument is most frequently used where extremely low (ppq) detection 
limits are important, such as analyses for dioxins and furans.  
 
 
Holding Time 
The storage time allowed between sample collection and sample analysis when the designated 
preservation and storage techniques are employed. 
High Performance Liquid Chromatography (HPLC) 
A chromatograph that is used to qualitatively and quantitatively identify organic chemicals, 
particularly those which are not amenable to GC techniques because of thermal instability. 
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Hydrocarbons 
Chemical compounds that consist entirely of carbon and hydrogen. 
Initial Calibration 
Analysis of a series of analytical standards at different specified concentrations; used to define 
the linearity and dynamic range of the response of an instrument to the target compounds prior to 
the analysis of samples. 
Instrument Detection Limit (IDL) 
The smallest concentration or amount an instrument can reliably detect. 
Instrument Tuning 
A technique used in GC/MS procedures to verify that the instrument is properly calibrated to 
produce reliable mass spectral information. 
Internal Standards (IS) 
A compound added to every sample or sample extract at a known concentration prior to analysis 
for the purpose of quantitation. 
Injection 
Process of introducing a portion of a sample extract into a GC, GC/MS, or HPLC. 
Isomers 
Chemical compounds with the same molecular weight and atomic composition but differing 
molecular structure, e.g., n-pentane and 2-methylbutane. 
Limit of Quantification (LOQ) 
The minimal signal level required to quantitate a specific analyte by a specific procedure at the 
desired confidence level. 
Library Search 
A technique in which an unknown mass spectrum of a compound is compared to the mass 
spectra of compounds contained in a computer library in an effort to identify the compound. 
Compounds identified in this manner are referred to as tentatively identified compounds (TICs). 
 
 
Linear Regression 
A statistical method for finding a straight line that best fits a set of two or more data points, thus 
providing a relationship between two or more variables. 
Listed Waste 
Any waste listed as hazardous under the Resource Conservation and Recovery Act, but which 
has not been subjected to the Toxic Characteristics Listing Process because the dangers it 
presents are considered self-evident. 











Unc
on



tro
lle



d D
oc



um
en



t
SOP #: O-008 



ALK-PAH by GC/MS-SIM  
Revision #:  5 



Date: 10/12/2009  
Page: 12 of 45 



______________________________________________________________________________________________________ 



___________________________________________________________________________________________ 
Alpha Analytical Lab                 
Mansfield, MA 



Log-In 
The receipt and initial management of an environmental sample. It generally includes identifying 
who sent the sample; maintaining chain-of-custody; checking report and invoice information; 
recording analyses requested, including methodology and special instructions; and assigning a 
discreet in-lab identification, usually a number or bar code. 
Mass Chromatogram 
The plot of selected ions versus time. The areas under the curves are proportional to the amounts 
of each compound detected. 
Mass Spectrum 
A bar graph showing the relative abundance of the ions produced when sample molecules are 
bombarded by electrons in a mass spectrometer. 
Material Safety Data Sheet (MSDS) 
A compilation of information required under the OSHA Communication Standard on the identity 
of hazardous chemicals and their associated health and physical hazards, exposure limits and 
precautions. 
Matrix 
The component or substrate which contains the analyte(s) of interest.  Examples of matrices are 
water, soil, sediment, and air.  Matrix is not synonymous with phase (liquid or solid). 
Matrix Effect 
An interference in the measurement of analyte(s) in a sample that is caused by materials in the 
sample.  Matrix effects may cause elevated reporting limits or may prevent the acquisition of 
acceptable results. 
Matrix Modifiers 
Chemicals added to samples for metals analysis, which are used to lessen the effects of chemical 
interferents, viscosity, and surface tension. 
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Matrix Spike (MS) 
An aliquot of a matrix fortified sample spiked with known quantities of specific compounds and 
subjected to an entire analytical procedure.  The percent recovery for the respective compound(s) 
is a measure of accuracy. 
Matrix Spike Duplicate (MSD) 
A second aliquot of the same matrix as the matrix spike (above) that is spiked in order to 
determine the precision of the method. 
Maximum Contaminant Level (MCL) 
The maximum permissible level of a contaminant in water delivered to any user of a public water 
system.  MCLs are enforceable standards. 
Mean 
The average of a set of values. 
Measurement 
The process or operation of ascertaining the extent, degree, quantity, dimensions, or capability 
with respect to a standard. 
Median 
The middle value of a set of data when the data set is ranked in increasing or decreasing order. 
Method Blank 
An analytical control consisting of all reagents, which may include internal standards and 
surrogate standards, that is carried through the entire analytical procedure.  The method bland is 
used to define the level of laboratory background contamination.  Examples of method blanks 
are a volume of deionized or distilled laboratory water for water samples, a purified solid matrix 
for soil/sediment samples, or a generated zero air. 
Method Detection Limit (MDL) 
The minimum concentration of an analyte that, in a given matrix and with a specific method, can 
be identified, measured, and reported with 99% confidence that the analyte concentration is 
greater than zero.  
Narrative 
In an analytical report, a descriptive documentation of any problems encountered in processing 
the samples, along with corrective action taken and problem resolution. 
National Pollutant Discharge Elimination System (NPDES) 
A provision of the Clean Water Act that prohibits discharge of pollutants into waters within the 
U.S. unless a special permit is issued by EPA, a state (where delegated), or a tribal government 
on an Indian reservation. 
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Nutrient 
Any substance assimilated by living a thing that promotes growth.  The term is generally applied 
to nitrogen and phosphorus in wastewater, but is also applied to other essential and trace 
elements. 
Organics 
Chemicals which contain the element carbon.  Pesticides, priority pollutants, etc., belong to this 
class, (See Inorganics). 
Outlier 
A result excluded from the statistical calculations due to being deemed “suspicious” when 
applying the “Grubbs Test” (or equivalent). 
PAHs (PNAs) 
Polyaromatic hydrocarbons, also called PNAs (polynuclear aromatics).  A class of hydrocarbons 
that contain fused benzene rings.  In the Air program, these compounds are frequently referred to 
as Polycyclic Organic Matter (POM). 
PCBs 
Polychlorinated biphenyls.  A class of chlorinated organic mixtures primarily previously used as 
insulator fluid in transformers.  The four most common mixtures are called Aroclors 1242, 1248, 
1254, and 1260.  These designations represent the number of carbon atoms (12) and percent 
weight chlorine (e.g., 42).  Sale of PCBs for new uses was banned by law in 1979. 
Percent Difference 
When two independent measurements of the same characteristics are available, it is possible to 
use the percent difference instead of the coefficient of variation to measure precision. 
Performance Evaluation (PE) 
A type of audit in which a known or characterized value is compared to the result obtained 
through the routine analysis of a “PE” sample in the laboratory to evaluate the proficiency of an 
analyst or laboratory. 
Performance Evaluation (PE) Sample 
A sample of known composition (unknown to the laboratory), provided by an external source 
(e.g., EPA), which is used to evaluate lab performance. 
Periodic Calibration 
A calibration that is performed at prescribed intervals for equipment such a balances, 
thermometers, and balance weights.  In general, they are performed on equipment that are 
distinct, singular purpose units, and are relatively stable in performance. 
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Percent Recovery 
A measure of accuracy determined from the comparison of a reported spike value to its true 
spike concentration. 
Pesticide 
Any chemical used to control or eradicate a pest.  Subclasses include insecticides (e.g., DDT for 
insects), herbicides, (e.g., atrazine for weeds), fungicides (e.g., captan for fungi), nematocides 
(e.g., DBCP for nematodes), etc. 
Petroleum Hydrocarbon Fingerprinting 
A technique for identifying sources of petroleum products. 
pH 
A scale of acidity/alkalinity running from 1.0 to 14.  Low values (1-5) represent high acidity, 
middle values (5-8) neutrality and high values (9-14) high alkalinity. 
Pollutant 
Generally, any substance introduced into the environment that adversely affects the usefulness of 
a resource. 
ppb 
Part-per-billion.  A unit of measurement that expresses the amount of chemical present (‘part’) 
per the amount of sample analyzed (‘billion’).  For example, a ‘ng’ (nanogram or one billionth of 
a gram) per ‘g’ (gram) of sample is 1 ppb.  More common units are ug/Kg (micrograms per 
kilogram for solids) and ug/L (micrograms per liter for liquids). 
ppm 
Part-per-million.  A unit of measurement which expresses the amount of chemical present 
(‘part’) per the amount of sample analyzed (‘million’).  For example, a ‘ug’ (microgram or one 
millionth of a gram) per ‘g’ (gram) of sample is 1 ppm.  More common units are mg/Kg 
(milligrams per kilogram for solids) and mg/L (micrograms per liter for liquids). 
Practical Quantitation Limit (PQL) 
The lowest level that can be reliably achieved within specified limits of precision and accuracy 
during routine laboratory operating conditions. 
Precision 
The reproducibility of an analytical technique, usually measured by analysis of duplicates or 
duplicate spikes.  Precision is usually expressed in terms of relative standard deviation or relative 
percent difference, but can be expressed in terms of the variance, range, or other statistic. 
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Preservative 
A chemical or reagent added to a sample to prevent or slow decomposition or degradation of a 
target analyte or a physical process.  Physical and chemical preservation may be used in tandem 
to prevent simple deterioration. 
Priority Pollutants 
A set of organic and inorganic chemicals identified by EPA as indicators of environmental 
contamination.  A priority pollutant analysis is usually done on wastewater to obtain a discharge 
permit.  See Part 122. 
Proficiency Test 
See Performance Evaluation. 
Qualitative Analysis 
An analysis that focuses primarily on the identification of chemicals present in a sample. 
Quality Assurance (QA) 
An organized program designed to assure that laboratory quality control procedures are 
appropriate and demonstrate date quality.  All those planned and systematic actions necessary to 
provide adequate confidence in results. 
Quality Assurance Program Plan (QAPP) 
A written assembly of management policies, objectives, principles, and general procedures that 
outlines how the laboratory intends to generate data of known and acceptable quality. 
Quality Assurance Project Plan (QAPJP) 
A written document that presents in specific terms the policies, organization, objectives, 
functional activities and specific quality assurance/quality control (QA/QC) activities designed to 
achieve the data quality objectives of a specific project.  There are 16 essential elements that 
EPA has mandated be addressed in a project plan.  
Quality Control (QC) 
The physical procedures within the laboratory used to assess the quality of data (e.g., spikes, 
blanks, duplicates, calibration, etc). 
Quantitative Analysis 
An analysis that focuses primarily on the measurement of the amount of specific analyte(s) 
present in a sample. 
Raw Data 
All documentation associated with the original recording of analytical results pertinent to a 
specific sample or set of samples.  This may include laboratory worksheets, calculation forms, 
instrument-generated output, analyst notes, etc., from sample receipt through final reporting. 
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Reconstructed Ion Chromatogram (RIC) 
The response of the total ions detected versus time.  A term applicable only to GC/MS. 
Reference Method 
Statistic for evaluating the precision of a replicate set. 
Reference Standard 
A chemical of known purity used as a reference (‘standard’) for the calculation of an analytical 
result. 
Relative Percent Difference (RPD) 
Statistic for evaluating the precision of a replicate set. 
Relative Response Factor (RRF) 
A measure of the relative response of a compound compared to its internal standard.  RRFs are 
determined by analysis of standards and are used in the calculation of concentrations of analytes 
in samples.  
Relative Standard Deviation  
See Coefficient of Variation. 
Resolution 
The degree of separation between peaks eluting from a chromatographic column.  Sufficient 
resolution between peaks is required for proper quantitation of unknown analytes. 
Resource Conservation and Recovery Act (RCRA) 
A federal law that established a regulatory system to track hazardous substances from the time of 
generation to disposal.  The law requires safe and secure procedures to be used in treating, 
transporting, storing, and disposing, of hazardous substances.  RCRA is designed to prevent new 
and uncontrolled hazardous waste sites. 
Response Factor (RF) 
A factor derived from the calibration of a compound that is used in the quantitation calculation of 
sample analytes.  A response factor may be derived from an external standard calibration (then 
called a Calibration Factor) or from an internal standard calibration (then called a Relative 
Response Factor). 
Retention Time  
A term used in gas and liquid chromatography describing the time elapsed from sample injection 
until the specific compound elutes or exits the chromatographic column at the detector.  Each 
compound has a characteristic retention time on a specific column; therefore, this information is 
used to qualitatively identify the compounds in the sample. 
Relative Retention Time (RRT) 
Used to code GC peaks by calculating the ratio between the RT of a GC peak and the RT of a 
reference peak. 
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Selected Ion Monitoring (SIM) 
A technique in which one or more specific ions are monitored.  Because only specific ions are 
monitored, selected ion monitoring generally provides higher sensitivity than a full scan 
monitoring.  A term applicable only to GC/MS. 
Semi-Volatile Organics 
Organic chemicals which generally contain six to thirty carbon atoms and are amenable to GC, 
GC/MS or HPLC analysis.  (See Extractables). 
Solid Waste 
Nonliquid, nonsoluble materials, ranging from municipal garbage to industrial wastes, that 
contain complex, and sometimes hazardous, substances.  Solid wastes include sewage, sludge, 
agricultural refuse, demolition wastes, mining residues, and even liquids, and gases in containers. 
Solvent 
A substance, usually liquid, capable of dissolving or dispersing one or more other substances. 
Standard Operating Procedure (SOP) 
A detailed written description of how a laboratory executes a particular procedure or method, 
intended to standardize its performance. 
Standard Reference Material (SRM) 
A material of which certain properties have been certified by the National Institute of Standards 
and Technology (NIST). 
Stock Solution 
A concentrated solution of analyte(s) or reagent(s) prepared and verified by prescribed 
procedure(s), and used for preparing working standards or standard solutions. 
Subsample 
A portion taken from a sample.  A laboratory sample may be a subsample of a gross sample; 
similarly, test portion may be a subsample of a laboratory sample. 
Superfund 
The Response Trust Fund, established by CERCLA as a mechanism for the federal government 
to take emergency or remedial action to clean up both abandoned and existing disposal sites 
when there is a release, or potential threat of a release, of a hazardous substance presenting 
imminent and substantial danger to public health and welfare.  See CERCLA. 
Surrogate 
Compounds that are added to every blank, sample, LCS, matrix spike, matrix spike duplicate, 
and standard for most organic analyses.  They are used to evaluate analytical efficiency by 
measuring recovery.  Surrogates include brominated, fluorinated, or isotopically labeled 
compounds that are not expected to be detected in environmental samples. 
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Systems Audit 
A systematic on-site qualitative review of facilities, equipment, training, procedures, record 
keeping, data verification, and reporting aspects of a quality assurance system to arrive at a 
measure of the capability of the system. 
Target Compound List (TCL) 
A list of organic compounds that are determined during Superfund site remediations.  Created by 
EPA for use in the Contract Laboratory Program, this list was formerly referred to as the 
Hazardous Substance List (HSL). 
Target Compounds 
Specific compounds that are to be quantified in a sample, based on a standard list of potential 
compounds. 
Tentatively Identified Compounds (TICs) 
Compounds detected in samples that are not target compounds, internal standards, system 
monitoring compounds or surrogates.  TICs usually consist of up to 30 peaks that are greater 
than 10% of the peak areas, or heights, of the nearest internal standard.  They are subjected to 
mass spectral library searches for tentative identification. 
Traceability 
The ability of an analytical standard material used for instrument calibration purposes to be 
traced to its source.  The standards must be traceable via written documentation to sources which 
produce or sell verified or certified standards, i.e., National Institute for Standards and 
Technology, USEPA, or vendors preparing standards from those sources which they have 
certified. 
Trip Blank 
A sample, usually pure water prepared in the lab, which is taken to the sampling site and then 
returned with the collected samples.  Later analysis will indicate any false positive results in the 
real samples arising from contamination during shipment. 
Validation 
A systematic effort to review data for identification of errors, and thereby deleting or flagging 
suspect values to assure the validity of the data for the user.  This process may be done by 
manual or computer methods. 
Verification 
The process of reviewing data to ensure that data reduction has been correctly performed and 
that analytical results to be reported correspond to the data acquired and processed. 
Volatile Organics 
Organic chemicals which generally contain one to six atoms and are amenable to analysis by the 
purge/trap technique because of their high vapor pressures. (See Semi-Volatile Organics). 
 
7.0 Interferences and Pretreatments 
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7.1 Contaminants in solvents, reagents, glassware, and other sample processing hardware may 



cause inferences that lead to discrete artifacts and/or elevated baselines in the ion current 
profiles.  Demonstrate that all of these materials are free from interferences under the 
conditions of the preparation and analysis by extracting and analyzing a laboratory method 
blank with each batch of up to 20 samples. 
 



7.2 Contaminants coextracted from the sample may cause matrix interferences.  The extent of 
matrix interferences will vary considerably from sample to sample, depending upon the 
nature of the environment being investigated.  An interference which is unique to SIM 
techniques can arise from the presence of a coeluting compound which contains the 
quantification mass ion.  This event results in a positive interference to the reported value 
for the compound of interest.  This interference is controlled to some degree by acquiring 
data for a confirmation ion.  If the ion ratios between the quantification ion and the 
confirmation ion are not within the specified limits, then interferences may be present.  
Quantification and confirmation ions should agree within +/- 20% of the calibration 
standard ion ratios. However, the stability of confirmatory/primary ion abundance ratios 
may decrease as the IDL is approached.  Analysts must apply judgment in evaluating 
apparent interferences. 
 



7.3 The presence of a large amount of a single alkyl homolog group without the presense of 
the other related groups may be indicative of an interference.  For example, the presence 
of an apparent C2 - Naphthalenes in the absence of C1 - Naphthalenes or C3 - Naphthalenes 
may be an analytical interference.  The analyst should use the spectrum ions and pattern 
recognition when determining whether to select a homolog group. 



 
8.0 Health and Safety 
 
8.1 All relevant Material Safety Data Sheets (MSDSs) are kept alphabetically in the centrally 



located file storage. Alternatively, go to http://alphanet.alphalab.com/alphaweb/ where 
MSDSs and Health and Safety information can be found. 
 



8.2 All company safety practices shall be followed as written in the Alpha Analytical 
Chemical Hygiene Plan. (See intranet address above.) 
 



9.0 Equipment and Supplies 
 
If performing any maintenance on any piece of equipment, other then routine daily maintenance, 
it must be documented in the Instrument Maintenance Logbook located in the laboratory specific 
to each instrument. Specific instrumentation service contracts or warrantees differ from each 
instrument. See the Section Supervisor for specific instrument details. 
 
 
 
9.1 Gas Chromatograph - Model Agilent/HP6890 or equivalent. The instrumentation includes 



a temperature-programmable gas chromatograph and all required accessories including 
syringes, analytical columns, and gases. The injection port is designed for split or 
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splitless injection onto a capillary column. The injection port includes a Phenomenex 
drilled uniliner with a hole on the top and contains a small plug of silanized glass wool. 
The injector port will require maintenance on an as needed basis if degradation or 
contamination is apparent. Please refer to the front of the Instrument Maintenance 
Logbook, which outlines the routine maintenance procedures.  



 
9.2 Large volume injector, ATAS OPTIC 2 or APEX ProSep 800 Plus XT, or equivalent - 



Capable of injecting one to fifty microliters of standards and extracts onto the GC 
column. This equipment is optional, and is only employed if client or project 
specifications request. Standard Agilent/HP 7683 microliter autosamplers are typically 
employed. See Section 9.5. 



 
9.3   Column – Restek or Phenomenex 60-m x 0.25 mm ID, 0.25 um film thickness, fused-



silica capillary column with RTX-5 or ZB-5 bonded phase, or equivalent. 
 
9.4 Mass Spectrometer – Agilent/HP5973, or equivalent. The mass spectrometer must 



operate at 70ev (nominal) electron energy in the electron impact ionization mode and be 
tuned to optimize the sensitivity of the instrument to the mass range being monitored (30 
- 550 amu).  The GC capillary column is fed directly into the ion source of the mass 
spectrometer. The source will require cleaning and/or filament replacement on an as 
needed basis. Please refer to the instrument hardware manual for detailed procedures, 
located in the laboratory next to the instrument.  



 
9.5 Auto sampler – Agilent/HP 7683 series autosampler and tray, or equivalent. 
 
9.6 Computer - with Windows NT version 4.0 operating software utilizing Agilent/HP 



Enviroquant G1701BA Version B.01.00 software, or equivalent/higher versions. 
 
9.7 Helium - Ultra high purity grade (99.9999% pure). 
 
10.0 Reagents and Standards 
 
10.1 Methylene Chloride, ACS approved, Pesticide grade, see Alpha Analytical SOP Reagent, 



Solvent and Standard Control (G-008) for additional details regarding solvent purity. 
 
10.2 Hexane, ACS approved, Pesticide grade, see Alpha Analytical SOP Reagent, Solvent and 



Standard Control (G-008) for additional details regarding solvent purity. 
 
10.3 Acetone, ACS approved, Pesticide grade, see Alpha Analytical SOP Reagent, Solvent and 



Standard Control (G-008) for additional details regarding solvent purity. 
 
10.4 Methanol, Purge and Trap grade, see Alpha Analytical SOP Reagent, Solvent and 



Standard Control (G-008) for additional details regarding solvent purity. 
 
10.5 Custom Mix Calibration Standard prepared by Supelco which contains the parent PAH 



and Heterocyclic compounds at 1000ug/mL. 
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10.6 5B(H)-Cholane (CAS# 80373-86-0) and 17A(H), 21B(H)-Hopane (CAS# 13849-96-2) 



obtained from Chiron AS Norway at 1000ug/mL. (These compounds are used for 
calibration and quantitation of all steranes, triterpanes and triaromatic steroids, and 
5B(H)-Cholane is also used as a surrogate compound.) 



 
10.7 Surrogates: 2-Methylnaphthalene-d10, Pyrene-d10, and Benzo(b)fluoranthene-d12 from 



Cambridge Isotope, neat. Prepare a stock surrogate solution for each by weighing 0.02g 
of neat surrogate into 10mL of Methylene Chloride for a concentration of 2000ug/mL. 
Take 500uL of each stock solution into 100mL for a low level spiking solution at 
10ug/mL. Take 1250uL of each stock solution into 25mL for a high level spiking solution 
at 100ug/mL. These solutions must be assayed for use by analysis before release to the 
preparation lab.  All compounds must be within 20% of their true value. 100uL of low 
solution or 200uL of high solution is spiked into each QC and field sample. This amount 
may be adjusted to meet project specific concentrations, as needed. 



 
10.7.1 Biomarker surrogate: 5B(H)-Cholane from Chiron AS Norway solution at 1000ug/mL in 



iso-octane. Take 1,000uL of stock solution into 100mL for a low level spiking solution at 
10ug/mL. Take 1000uL of stock solution into 10mL for a high level spiking solution at 
100ug/mL. These solutions must be assayed for use by analysis before release to the 
preparation lab.  All compounds must be within 20% of their true value. 200uL of low 
solution or high solution is spiked into each QC and field sample. This amount may be 
adjusted to meet project specific concentrations, as needed.  



 
10.8 Internal Standards (IS): Acenaphthene-d10 and Chrysene-d12 from Cambridge Isotope, 



neat. Prepare two solutions by weighing 0.02g of neat internal standard into 10mL of 
Methylene Chloride for two 2000ug/mL stock solutions Prepare a 500ug/mL intermediate 
solution by spiking 6250uL into 25mL Methylene Chloride. Then prepare a working 
solution by adding 2000uL to 200mL for a 5ug/mL solution. 100uL is spiked into each 
1mL of QC sample or field sample, for a concentration of 500ng/uL on column. 



 
10.9 Laboratory Control Sample, Matrix Spike, and Matrix Spike Duplicate (LCS/MS/MSD): 



A solution of 17 priority pollutant parent PAH’s from Restek, or equivalent, at 
1000ug/mL. This solution is from a separate source than the calibration solutions. Prepare 
the spike mix by adding 250uL of the solution to 25mL of Methylene Chloride for a 
10ug/mL LCS/MS/MSD spiking solution. The solution must be assayed for use by 
analysis before release to the preparation lab.  All compounds must be within 20% of 
their true value. 100uL is spiked into the LCS and each designated MS/MSD field 
sample. This amount may be adjusted to meet project specific concentrations, as needed. 



 
 
10.10 Alaska North Slope Crude Oil:  Weigh approximately 0.5g neat oil, add 1.0mL each high 



surrogates and high biomarker surrogate, and 10mL internal standard mix into 100mL of 
Methylene Chloride for a working solution of approximately 5mg/mL(with surrogates at 
1.0ug/mL and internals at 0.5ug/mL). 
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10.11 Independent Calibration Check: Prepared as below in Section 10.13 at 0.5ug/mL, but 
from a different source, lot, or vendor. Independent Check analyses must agree within 
20% of their true value. 



10.12 SRM 1944 – PAH’s in sediment and SRM 1974a – PAH’s in Tissue, from the National 
Institute of Standards & Technology (NIST). Please refer to the individual certifications 
for the assigned true values. These SRMs may be extracted and analyzed with sample 
batches as part of the overall QC evaluation if requested by the client. Other certified 
SRMs may be used on a project specific basis. 



10.13 Prepare the Working Stock Standard (all resulting concentrations at 20µg/mL) in 25mL 
of Methylene Chloride (CH3Cl2) as follows. (Note: The following is just one way an 
analyst may make up calibration standards. Limitations may exist that would cause the 
method to be adjusted. Problems with standard availability, solubility, or expiration may 
affect how the following 6 level calibration standards are prepared.)  



 
Component Volume Added Final Volume in (CH3Cl2) 



Custom Supelco Mix 500 µL of 1000 µg/mL 25 mL 
5B(H)-Cholane 500 µL of 1000 µg/mL 25 mL 



17A(H), 21B(H)-Hopane 500 µL of 1000 µg/mL 25 mL 
2-Methylnaphthalene-d10 250 µL of 2000 µg/mL 25 mL 



Pyrene-d10 250 µL of 2000 µg/mL 25 mL 
Benzo(b)Fluoranthene-d12 250 µL of 2000 µg/mL 25 mL 



 
6 Level Curve Preparation for Individual Components  



 
Calibration Level Volume of Working Std. 



Added (20 ug/mL) 
Volume of  
IS Stock 
added 



Final 
Volume in 
(CH3Cl2) 



Level 1 - 10 ng/mL 50 µL 10 mL 100 mL 
Level 2 - 25 ng/mL 125 µL 10 mL 100 mL 
Level 3 - 100 ng/mL 500 µL 10 mL 100 mL 
Level 4 – 500 ng/mL  2500 µL 10 mL 100 mL 



Level 5 - 5,000 ng/mL 25 mL 10 mL 100 mL 
Level 6 - 10,000 ng/mL 12.5 mL 2.5 mL 25 mL 
 



Note: A minimum of a 5-level curve must be analyzed, but up to 7 levels may be analyzed and 
evaluated. 
 
11.0 Sample Collection, Preservation, Shipment and Storage 
 
11.1 Sample collection is not applicable to the Alpha Analytical laboratory operation. 
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11.2 Please see the Sample Management SOP (G-005) that describes the responsibilities of 
sample custody including all proper documentation, verification, and tracking procedures 
following Chain of Custody (COC) protocols, sample receipt procedures using the 
Sample Receipt Checklist, which includes the check for proper sample preservation and 
cooler temperature verification. SOP G-005 also describes how samples are normally 
shipped or obtained by the laboratory, precautions to be used in opening sample 
shipments, and sample storage conditions. 



 
11.3 Internal COC procedures for sample tracking include the use of sample tracking 



logbooks.  These procedures are also described in the Sample Management SOP (G-005). 
 
11.4 Aqueous samples should be collected in 1L or 2L amber glass bottles and stored without 



preservative at 4°C.  Soil/sediment and tissue samples should be collected in glass soil 
jars and stored at 4°C, or if desired, frozen. The minimum amount of sample needed to 
reach the reporting limits in Section 23.0 for this method for aqueous samples is 1L, for 
solid and tissue matrices is 10-20 grams and for petroleum product samples is 0.1 grams. 
Additional sample is needed (approximately 3X the minimum amount) if MS/MSD 
analyses are to be performed. 



 
11.5 The hold time for this method is 7 days for the extraction of aqueous samples and 14 days 



for the extraction of soil/sediment and tissue samples. There is no extraction holding time 
applied to petroleum product samples. If sediment or tissue samples are frozen, this 
suspends the holding time until removal from the freezer. All extracts must be analyzed 
within 40 days of the extraction date.  



 
12.0 Quality Control 
 
Quality Control (QC) samples are necessary to monitor both the sample extraction and 
instrument analysis procedures. The Quality Control samples described below are considered the 
method defaults, and are the minimum requirements, except were noted. Client and Project 
specific Data Quality Objectives (DQOs) supersede the requirements in this section where 
applicable. Client or Project specified DQOs shall be included, or referenced, in the final report 
to the client. 
 
12.1 Method Blank 
 



12.1.1 A method blank must be extracted (spiked with surrogates and internal standards) 
and analyzed once per every 20 samples or per extraction batch, whichever is 
more frequent. 



 
 
12.1.2 Method Blanks should not contain any individual compound at or above the 



concentration of the reporting limit. If a blank does contain target compounds 
greater than the reporting limit, they should be less than 10% of any sample 
results for the same compound(s). If the blank does not meet the above criteria, all 
efforts must be made to identify and eliminate any source of contamination, and 
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all samples associated with the contaminated blank should be re-extracted and 
reanalyzed. 



 
12.2 Laboratory Control Sample (LCS) 
 



12.2.1 The laboratory control sample (LCS) contains 17 priority pollutant parent PAH’s 
and is from a second/separate source, to verify the accuracy of the calibration 
curve.  The LCS is extracted along with the samples.  An LCS must be extracted 
and analyzed once per every 20 samples or per extraction batch, whichever is 
more frequent. 



 
12.2.2 The acceptable recovery QC limits are found in Section 18 for aqueous, solid, 



tissue, and product LCSs.  All recovery limits are continuously monitored and 
documented in-house through control charts which are updated semi-annually.  
The Alpha Analytical SOP Control Chart Generation (G-013) provides details 
explaining how control charts are generated and used for quality control. 



 
12.2.3 If the LCS does not meet the QC limits, check to see if an analytical or spiking 



error has occurred. If the LCS recovery is still out of control, re-extraction of the 
entire extraction set may be necessary. If the samples are also associated with a 
matrix spike and matrix spike duplicate that are in control, re-extraction may not 
be necessary, as this demonstrates an isolated problem pertaining to the LCS only. 



 
12.3 Matrix Spike/Matrix Spike Duplicate (MS/MSD) 
 



12.3.1 Matrix spike and matrix spike duplicate analyses must be performed once per 20 
samples per matrix (5% frequency). 



 
12.3.2 The acceptable recovery and RPD QC limits are found in Section 18 for aqueous, 



solid, tissue, and product MS/MSD’s. All recovery limits are continuously 
monitored and documented in-house through control charts which are updated 
semi-annually.  The Alpha Analytical SOP Control Chart Generation (G-013) 
provides details explaining how control charts are generated and used for quality 
control. 



 
12.3.3 If the MS/MSD do not meet the QC limits, check to see if an analytical or spiking 



error has occurred. If the recovery or RPD still exceeds the control limits, re-
extraction of the set may be necessary. If the associated LCS is within control, 
include a project narrative with the results to client noting that there may be 
matrix effects on the accuracy and/or precision of the affected results as 
evidenced by the matrix spike and matrix spike duplicate exceedence. 



 
12.4 Matrix or Sample Duplicates 
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12.4.1 Laboratory matrix or sample duplicates are analyzed if requested by the client. 
The QC limit is 30% RPD for target compounds found above 5 times the 
reporting limit.  



 
12.4.2 If the %RPD exceeds the 30% control limit and the associated MS/MSD %RPD is 



within 30%, include a project narrative with the results to client noting that there 
may be potential matrix effects on the precision of the results isolated to this 
sample, as evidenced by the matrix duplicate exceedence and the MS/MSD 
acceptance. If both the sample/duplicate and the MS/MSD exceed the control 
limits, notify the Section Supervisor and/or the Laboratory Director, to decide if 
re-extraction of the set is necessary. 



 
12.5 Surrogates 
 



12.5.1 Surrogate recovery limits for all matrices can be found in Section 18. The 
recovery limits are continuously monitored and documented in-house through 
control charts which are updated semi-annually.  The Alpha Analytical SOP 
Control Chart Generation (G-013) provides details explaining how control charts 
are generated and used for quality control.  



 
12.5.2 If the surrogate does not fall within the QC limits, check to see if an analytical or 



dilution error occurred and re-calculate. If only one surrogate falls below the 50% 
recovery limit, but is above 10% recovery, the exceedence is noted, with approval 
of the Section Supervisor, and the results are reported to the client with a notation 
in the case narrative. If all surrogates are recovered below the 50% limit, re-
extract the sample and report the re-extract results along with the original results, 
if re-extraction occurred beyond the holding time, and the re-extract surrogates 
are within the QC limits. If the surrogates are recovered below 50% in the re-
extract, this confirms a suspected matrix interference on the surrogates, and only 
the original analysis needs to be reported. If the chromatogram shows obvious 
matrix interference, no re-analysis or re-extraction is necessary. This decision 
must be made with approval of the Section Supervisor. Surrogate outliers and 
sample re-extracts must be noted in the case narrative to the client.  



 
12.6 Internal Standards 
 



12.6.1 Internal standards are added to every field sample, QC sample, and method blank.  
The acceptance limits are 50-200% of the internal standard response (or area) of 
the daily continuing calibration verification standard.  



 
 
12.6.2 If the internal standard areas fall outside the QC limits, check to see if an 



analytical, dilution or spiking error occurred. 
● If internal standards are low, reanalyze the extract. 
● If internal standards are high, the extract may have concentrated while on the 



instrument, then: 
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√  If no obvious interference is present, re-analyze the extract.  If internal 
standards are now within the acceptance limits, report only the re-analysis, as 
long as the re-analysis occurred within the 40-day analytical hold time. If the re-
analysis occurred outside of the 40-day analytical hold time, both the original 
and re-analysis must be reported. If the internal standards again are outside the 
acceptance limits, and either within or outside of the 40-day hold time, try re-
analyzing at a 1:5 or greater dilution (see below).  



√  If the chromatogram shows obvious matrix interference that cannot be avoided 
when integrating, a re-analysis at a 1:5 or greater dilution may be helpful in 
minimizing the interference while ensuring better quantitation.  



● Note any exceedence in the case narrative to the client. 
 



12.7 Standard Reference Materials (SRM’s) 
 



12.7.1 Standard reference materials (SRM) are available from the National Institute of 
Standards and Technology (NIST) and are extracted and analyzed with samples 
on a project specific basis.  These are not used as controls, but to evaluate 
potential matrix effects in associated samples for the target compounds being 
evaluated. 



 
12.7.2 Acceptance criteria for SRM analysis will vary from project to project 



depending upon client data quality objectives (DQOs).  Generally, + 35% 
difference (%D) based on the true certified values of the target compounds of 
interest, or 65% - 135% recovery, serve as advisory acceptance criteria.  



 
12.7.3 Corrective Action: Repeat analysis and/or check to see if an analytical error has 



occurred. If the % recovery or %D still exceeds the control limits and the 
associated LCS and/or MS/MSD are within control, include a project narrative 
with the results to client noting that the observed recovered of the SRM are 
isolated to this sample as evidenced by the LCS and/or MS/MSD acceptance. 



 
13.0 Calibration and Standardization 
 
Prior to the analysis of any standards or samples, the instrument acquisition and process methods 
must be set up. This includes the GC run parameters and the SIM mode acquisition ion entries 
into the different SIM acquisition retention time windows. The mass spectrometer must be tuned 
to the meet the abundance criteria for PFTBA (then DFTPP if required per client request or 
project specific DQOs) and an initial calibration must be analyzed to establish linearity of the 
instrument.  
 
13.1 PFTBA Manual Tuning  
 



13.1.1 Prior to initial calibration, tune the mass spectrometer using PFTBA 
(Perfluorotributylamine - calibration gas) to maximize the sensitivity of the 
instrument in the mass range of interest, 35-525 amu. 
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 13.1.2 The following PFTBA mass intensity criteria must be met: 
 



 
PFTBA Ion Relative Abundance 



m/e  69 Base Peak with > 100,000 counts 
m/e 219 30% to 60% of Base Peak 
m/e 502 5% to 11% of Base Peak 



 
13.2 DFTPP Tuning - Only performed on a project specific basis, if requested by the client, or 



included in a project specific Quality Assurance Plan (QAP) or Work Plan. 
 



13.2.1 Before the analytical standards are analyzed, the mass spectrometer must be 
evaluated for the proper ion criteria for DFTPP (decafluorotriphenylphosphene), 
if specifically requested by the client or included in a project specific QAP.  
Generally, 1uL of a 50 ng/mL solution is evaluated. A larger volume or lesser 
concentration may be evaluated if using large volume injections. 



 
13.2.2 The following DFTPP mass intensity criteria must be used: 



 
DFTPP KEY MASSES AND ABUNDANCE CRITERIA 



  
Mass    m/e Abundance criteria 



  ----------------------------------------------------------------------- 
  51 30-60 percent of mass 198. 
  68 Less than 2 percent of mass 69. 
  70 Less than 2 percent of mass 69. 
  127 40-60 percent of mass 198. 
  197 Less than 1 percent of mass 198. 
  198 Base peak, 100 percent relative abundance. 
  199 5-9 percent of mass 198. 
  275 10-30 percent of mass 198. 
  365 Greater than 1 percent of mass 198. 
  441 Present but less than mass 443. 
  442 Greater than 40 percent of mass 198. 
  443 17-23 percent of mass 442. 
  ----------------------------------------------------------------------- 
 



 
Tune acceptance must be verified at the beginning of every analytical shift, and 
prior to the analysis of any standards. If the DFTPP tune does not meet the criteria 
above, the PFTBA must be re-evaluated, and adjustments made by an experienced 
mass spectrometrist, to obtain an acceptable DFTPP tune, before continuing with 
any analysis. 



 
13.3 GC Instrumental Conditions 
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13.3.1 Inject an aliquot of 1uL into the capillary column of the gas chromatograph at the 



following conditions. Larger injection volumes (to 50uL using the Large Volume 
Injector, LVI) will be dictated by project specific DQOs. 



   
13.4 Mass Spectrometer Conditions 
 



13.4.1 The effluent from the GC capillary column is fed directly into the ion source of the 
mass spectrometer.  The MS is operated in the SIM mode using appropriate 
retention time windows to include the quantification and confirmation ions for 
each PAH and Biomarker compounds as shown in Table II.  For each retention 
time window the ions 191, 217, and 218 are included for sterane and triterpane 
quantification, if requested by the client. 



 
13.5 ProSep Injection Port Parameters for Large Volume Injections (LVI) 
 



ProSep Parameter* Setting* 
Injector Temp: 60 - 300 °C 



Initial Hold Time: 30 sec. - 3 minutes 
Flow Rate: 0.5 - 5.0 mL / minute 



Purge: 0.5- 5.0 mL / minute, ON at desired time 
Injection Volume: 1uL - 50uL 



 
* = The settings listed may vary from project to project, based on client specific DQOs. 
Injection temperature, hold time, flow rate, purge time and injection volume can effect 
chromatographic resolution and detection limits. All parameters listed above can be set 
within the above setting ranges. Only a trained and experienced mass spectrometrist has 
the authority to change any setting. All standards and samples must be acquired using the 
same set of parameters. If any parameters are changed, a new initial calibration must be 
analyzed and accepted before any samples can be analyzed. 



 
13.6 Data Acquisition Parameters 
 



GC Parameter Setting 
Injector Temp: 280 °C  



Transfer Line Temp: 300 °C 
Initial Oven Temp: 40 °C 
Initial Hold Time: 1 minute 



Ramp Rate: 6 °C / minute 
Final Temperature: 315 °C 
Final Hold Time: 30 minutes 



Total runtime: 76 minutes 
Mode: Splitless / Constant Flow 1.0ml/min 
Purge: 20 mL / minute – on at 0.80 minutes  



MS Temperature 300 °C 
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13.6.1 SIM Windows must be set up that bracket the expected retention times for each 
target analyte. These windows include the quantitation (primary) and 
confirmation ions for each parent PAH and Alkyl homolog group. To establish 
the expected retention time window ranges, the mid-level calibration standard 
must be analyzed in full scan mode. The resulting full scan analysis will dictate 
the windows in which the selected ions will be monitored. The table below lists 
example and suggested windows and the ions that can be monitored within each 
window. All possible ions and windows are not noted here. Project or client 
specifications may dictate changes in ion selection and the number of windows. 
Depending upon the length of the analytical GC column, the time each window is 
selectively monitored may vary. The retention time windows must be shifted 
accordingly, when instrument maintenance is performed, (i.e., the column is 
clipped). 



 
 



Window 
Number 



Selected Ions Monitored 



# 1 64,83,85,113,120,123,128,134,136,138,142,148,152,154,156,162,166,170,176,180,190,194,207 
# 2 64,83,85,113,123,139,141,153,154,155,156,162,164,168,169,170,176,179,183,184,190,193,207 
# 3 64,83,85,113,123,152,155,165,166,169,170,174,176,178,179,180,183,184,188,190,194,195,198 
# 4 64,83,85,113,139,167,177,191,192,194,195,198,206,207,208,212,217,218,226,231,241,253,256 
# 5 64,83,85,101,177,191,197,202,206,207,211,212,215,216,217,218,219,220,226,231,234,240,253 
# 6 64,83,85,113,114,177,189,191,205,215,216,217,218,219,220,229,230,231,234,240,244,253,258 
# 7 83,85,177,191,215,217,218,226,228,229,230,231,234,240,241,242,244,248,253,256,258,262,270 
# 8 83,85,113,177,191,217,218,231,241,242,252,253,255,256,258,260,262,264,270,276,284,290,370 
# 9 64,83,85,113,114,163,177,191,217,218,231,252,253,255,260,262,264,269,270,276,284,290,370 
#10 83,85,113,138,139,177,191,217,218,231,253,276,277,278,279,292,293,300,301,302,303,312,313 



 
13.6.2 The “dwell” time for each window should be set to 18, and the resolution should 



be set to “high”. 
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13.7 Initial Calibration  
 



13.7.1 Before analysis of sample extracts, establish a multi-point response factor 
calibration curve showing the linear range of the analysis for all target analytes in 
Table IA and IB. Use standard concentrations of 10, 25, 100, 500, 5000 and 
10,000 ng/mL to construct the curve. See Section 10.13 for the preparation of the 
standard solutions for the initial calibration curve. 



 
13.7.2 Run a sequence with the initial calibration standards and the retention time 



standard. 
• Create a processing method from a previous method on that instrument. Set 



retention time windows using a mid level standard and the retention time 
standard. 



• Quantify and QEDIT the initial calibration standards. Update the response 
factors for each level of the method with these standards. Use each parent 
compound response for any associated homolog group. Alkylated 
phenanthrenes and anthracenes, and alkylated fluoranthenes and pyrenes are 
quantified together as total alkylated phenanthrene/anthracenes (using the 
phenanthrene parent response factor) and total alkylated 
fluoranthenes/pyrenes (using the pyrene parent response factor). 
  



• Acceptance Criteria: 25% RSD for 90% of all target compounds, with the 
exception for 10% to be between 25%RSD and 35%RSD. All calibration 
standards must be analyzed within 24 hours. 



 
13.7.4 Initial Calibration Check (ICC) 



 
● The analysis of an ICC standard must follow the initial calibration curve.  



 
● After final processing, calculate the percent recovery of each PAH by using the 



following calculation: 
 
   % Recovery  =  Found Amount  /  True Value  x  100 
 



● Acceptance Criteria: All recoveries must be +/- 20% of the true values.  
 



13.7.5 If the initial calibration fails, perform instrument maintenance and repeat. 
 



13.7.6 Alaska North Slope Crude Reference Oil (ANS) 
 



● The ANS crude oil reference standard is analyzed following each initial 
calibration curve. Analysis of this reference oil is to establish the integration 
patterns of the Alkyl PAH homolog groups, and to establish the current 
instrument quantitation and confirmation ion ratios. Analysis of this standard 
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following the initial calibration ensures the retention time windows in the SIM 
mode of acquisition have been set up properly. 



 
● The analysis of the ANS standard is for reference. If instrument maintenance is 



performed, such as removing a significant section of the analytical column 
consisting of one “loop” or more, the ANS must be analyzed to update and/or 
confirm the SIM acquisition windows. 



 
● The ANS reference standard is processed against the completed initial 



calibration curve method. See Section 15.2 for information regarding manual 
integration of the Alkyl PAH homolog clusters. This standard will be used for 
reference when processing field samples for this method, until such a time that 
a new ANS standard needs to be analyzed. Other project/client specific source 
oils may be used. These specific oils will likely display patterns that differ 
from ANS, but will aid analysts in pattern identification of the related field 
samples. 



 
13.7.8 ICALs are documented on the Initial Calibration Checklist. An example of the 



checklist can be found in Section 23.0. The initial calibration must be secondarily 
reviewed before analyzing samples. 



 
14.0 Procedure 
 
14.1 Daily PFTBA Tuning is not required. See Section 13.1 for details. 
 
14.2 Evaluate the DFTPP tune as described in Section 13.2, if required. 
 
14.3 Continuing Calibration Verification  
 
A continuing calibration verification (CCV) standard, at the concentration of a mid-level initial 
calibration standard, must be analyzed at the beginning and end of every analytical sequence, and 
every 24 hours within the sequence, to confirm instrument stability, via response factor, for each 
calibrated PAH. 
 
14.3.1 Quantitate and QEDIT the continuing calibration standard. Note: The Alkyl homolog 



groups may be deleted from the report. Only the parent PAH compounds are monitored 
for %D and the following acceptance criteria. 



 
14.3.2 Acceptance Criteria: Compare the CCV resulting response against the average response 



for the initial calibration for each calibrated PAH. The %D for each calibrated PAH must 
be below 25%, with no more than 10% of all compounds greater than 25% but less than 
35%. If multiple CCVs are analyzed within an analytical sequence, each CCV must be 
analyzed within 24 hours of the previous CCV and each CCV, including the ending CCV 
must meet the acceptance criteria. 
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14.3.3 All CCVs are documented on the Continuing Calibration Checklist. An example of the 
checklist can be found in Section 23.0. 



 
14.3.4 If the CCV does not meet 25%D and 10% of the analytes are <35%, for each calibrated 



PAH, the following corrective actions are recommended: 
• Perform instrument maintenance and repeat the continuing calibration, and re-



analyze all affected samples, OR, 
• Qualify all results reported for the failing CCV with an appropriate qualifier, 



including all alkylated compounds quantified using the suspect response, and 
any non-detects. If the failure of the suspect response appears related to a loss 
in MS sensitivity, instrument maintenance and repeat analysis of the 
continuing calibration, and all affected samples, must be performed. 



 
The choice of corrective action must be made in consultation with the Section 
Supervisor, QA Manager, Project Manager and/or the client.  The reasoning for 
choosing the second option must be documented in the project narrative to the 
client. 



 
14.4 Daily Analytical Sequence 
 



14.4.1 Samples are prioritized for analysis by the Organic Section Supervisor or GC/MS 
Group Leader based on client due date and sample analytical hold time. Samples 
are retrieved from the sample storage refrigerator.  



14.4.2 The sequence is prepared and run using the Enviroquant software. Printouts of all 
sequences are kept in a three-ring notebook next to each instrument. The sequence 
printouts are used to document run sequences; notations are manually added of 
any reruns or dilutions that will need to be performed. 



14.4.3 If the on-column concentration of any PAH compound exceeds the calibration 
range of 10,000 ng/mL, the sample must be diluted and re-analyzed. 



 
15.0 Data Evaluation, Data Reporting and Calculations 
 
15.1 Identification of the priority pollutant PAH compounds is based on gas chromatographic 



relative retention times (RRTs) from the analysis of a mid-level initial calibration 
standard. For these compounds, manual quantitations may be performed, if necessary, by 
integrating the area of the quantitation ion or peak.  For alkylated PAHs, the homolog 
groupings (i.e., C3- Naphthalenes) appear in the extracted ion current profiles (EICPs) as 
a cluster of isomers.  Integrate peaks within the cluster by straight-line integration to the 
baseline, taking into account background noise in the EICPs. Reference the Alaska North 
Slope Crude Oil pattern book, for a cluster by cluster example of each integration for 
each alkylated PAH homolog group. Table II, in Section 23.0, lists the representative 
ion(s) used for quantitation and confirmation of each parent PAH and alkylated PAH 
homolog group. 
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Note: Manual integration is not to be used solely to meet QC criteria, nor is it to be used 
as a substitute for corrective action on the chromatographic system. 



 
15.2 From EICP of the quantification (primary) mass ions and the confirmatory mass ions, 



identify all target analytes according to the following criteria: 
 



• The characteristic masses of each analyte of interest should maximize in the same, or 
within one scan of each other.   



 
• The retention time should fall within + 10 seconds of the retention time of the parent 



PAH from the preceding CCV. Note: When evaluating alkyl homolog groups, the 
retention time of the most intense peak within the group may not have the exact 
retention time of the most intense peak in the ANS reference standard.  Analyst 
judgement and referral to each homolog groups’ retention time window is essential 
for identification. Apply analyst judgment regarding corrective action when this 
criterion is not met. 



 
• The relative peak heights of the primary ion compared to the confirmation or 



secondary ion masses for parent compounds should fall within + 50 percent of the 
relative intensities of these masses in a the reference mass spectrum (i.e., the mid-
level of the initial calibration curve and/or the Alaska North Slope Crude Oil). 



   
Note: The relative intensities of the primary and secondary ions may vary widely within a 
given group of alkyl homologs (i.e., C3 - Naphthalenes).  Thus, the pattern of each alkyl 
homolog cluster, and the retention time window for the cluster, will be the primary 
identification criteria for alkyl homologs.  In some instances, a parent compound that 
does not meet secondary ion confirmation criteria may still be determined to be present in 
a sample after close inspection of the data by the experienced mass spectrometrist.  
Supportive data includes the presence of the secondary ion, but ratio value greater than 
+ 50 percent of the primary ion, may be caused by an interference of the secondary ion.   



 
15.3 To calculate the Relative Standard Deviation (RSD) of all target analytes and surrogate 



compounds for the initial calibration use the formula below. The RSD of each target 
compound and surrogate must be below 25%. Additionally, use the initial six-point 
calibration to determine Relative Response Factors (RRFIs) at each concentration level. 
Average the RRFIs, to generate mean RRFIs, for quantification of all target analytes and 
surrogate compounds. The RRFIs are based on the internal standard compounds, and are 
calculated using the formula below.  (The relative response factors for the continuing 
calibration verifications (RRFCs) are calculated using the same formula). See Section 
23.0, Table IA and Table IB, for the listing of target compounds and their associated 
internal standards for quantification. 



 
  RSD = SD  /  mean RRFI  x  100 
 
  
 where: 
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 SD = Standard deviation between the five points, for that target analyte. 
 
  RRFI = (Ac x CIS) / (AIS x Cc) 
 
 where: 
 
 Ac  =   Area of the characteristic ion for the standard compound to be measured. 
 AIS  = Area of the characteristic ion for the representative internal standard compound. 
 CIS  =  Concentration of the representative internal standard compound (ng/mL). 
 Cc  = Concentration of the standard compound to be measured (ng/mL). 
 



Note: Assign the response factor of the parent compound to the alkyl homolog cluster. 
 
 
15.6 Based on the mean RRFIs, calculate the Sample Extract Amount for each target analyte 



and surrogate in the extracts using the following formula: 
 
                          Qe         =      (Aa x QIS) / (AIS x RRFI) 
 
    where: 
 
    Qe  =       Sample extract amount (ng) of target analyte, from quantitation report. 
    Aa  = Area of the characteristic ion for the target analyte. 
    AIS  = Area of the characteristic ion for the representative internal standard compound. 
    QIS  = Amount of internal standard compound added to each extract (ng). 
 
15.7 Calculate the Sample Concentration (C) for each compound by the following formula: 
 
  C  =  (Qe / Vs ) x DF 
 
   where: 
 
  C =       Concentration in sample (ng/L water, ug/Kg sediment/tissue, or mg/Kg product). 
  Vs  =      Original volume or weight of sample extracted. 
  DF =     Dilution factor or fraction of the original extract to which internal standard added. 
  
15.8 If the response of any individual target compound in a sample exceeds the linear response 



range, as defined by the initial calibration standards in Section 10.13, dilute the extract so 
that the concentrations of all individual target compounds fall within the range of the 
calibration curve. If that compound is also part of an alkyl homolog group, the group is 
considered to exceed the calibration range and thus, would also require dilution. Reported 
concentrations that are above the highest standard concentration in the initial calibration  



 are qualified with an “E”. If the response of any target compound in a sample exceeds the 
MDL but is below the reporting limit (RL), qualify the reported concentration with a “J”. 
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If any target compound is found in the method blank and in the associated sample(s), 
qualify the reported concentration with a “B”. 



 
15.9 Compare response factors for each compound in the Continuing Calibration Verification 



(CCV), to those of the initial calibration curve by determining the percent difference. 
 
                       Percent Difference (%D) = ([RRFI - RRFC] / RRFI) x 100 
 
 where: 
 
 RRFI  = Mean response factor from initial calibration. 
 RRFC  = Response factor from CCV. 
 
15.10 All results must be reported to two significant figures. All solids including soils, 



sediments, and sludges must be reported on a dry-weight basis. Tissue results may be 
reported in wet-weight depending upon client request. Petroleum results are reported “as 
received” or on a wet-weight basis. 



 
15.11 The analyst does data entry, or upload of the data, into the LIMS system.  The LIMS is 



linked to the instrument, so the analyst must choose the sample(s) to be reported from 
that instrument’s analytical sequence.  All associated preparation and instrumental QC 
samples and dilutions are also chosen.  Once the data/samples have been selected and 
“associated” with the proper QC samples, the batched data set is sent to print.  



 
15.12 The laboratory generates two types of data packages from the LIMS: “Standard” for 



routine projects, and “CLP-like” for fully data validated projects.  A standard package 
consists of sample results and the associated QC sample results.  A CLP-like package 
includes all sample results, all preparation and instrumental QC results and the associated 
supporting raw data.  The checklists used for primary and secondary review of the 
analytical results can be found in Section 23.0. A secondary review is performed on all 
data. 



 
15.13 Procedures for data and record management must adhere to the Quality Systems Manual, 



other subordinate documents covering record keeping, and the Document Control SOP, 
G-016.  All records shall be stored in such a manner as to be safe and accessible for at 
least 10 years. 



 
15.14 Notebooks: Laboratory notebooks are designed to accommodate the specific analysis. 



Instrument printouts are used to document run sequences, and each sequence printout is 
filed in a three-ring notebook. Each sequence notebook page is numbered.  If a sample 
requires re-analysis or re-extraction for any reason, a notation is made next to the sample 
entry on the sequence log. The sequence run log is permanently bound, assigned an 
internal ID number, and filed accordingly. Such files shall be archived so as to remain 
available for at least 10 years.  All laboratory notebooks must follow the specifications in 
the Laboratory Notebook Usage SOP, G-009, and all record keeping and document 
control practices. 
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15.15 Electronic records: All data files from computers, attached to instruments, shall be 



backed up daily onto the proper directory on the server.  The backups shall be stored so 
as to be accessible for 10 years. Movement of the data files to the server is the 
responsibility of the primary analyst. Server backup and storage is the responsibility of 
the IT department. 



 
16.0 Method Performance 



 
16.1 Refer to Alpha Analytical SOP#08-12 for a description of Initial Demonstration 



of Proficiency (IDP) which is performed by every new analyst during training. 
 



17.0 Pollution Prevention 
 
See Section 21.0, Waste Management for a discussion on Pollution Prevention. 
 
18.0 Data Assessment and Acceptance Criteria 
 
All Alkylated PAH-SIM results are reportable without qualification if analytical holding times 
are met, preservation requirements (including cooler temperatures) are met, and all QC criteria 
defined in the table below are met. If any of the below QC parameters are not met, all associated 
samples must be evaluated for re-analysis.  See Sections 12.0, 13.0 and 14.0 for additional QC 
discussion including corrective actions for any QC outliers. 
 



QC Parameter Acceptance Criteria 



Initial Calibration Curve < 25%D for all target analytes with exception for 10% of target 
analytes can be >25%, but < 35% 



Independent Calibration Verification +/- 20% recovery of the true values 



Continuing Calibration Verification 
Analyzed every 10 samples or 24 hours, < 25%D for all target 



analytes with exception for 10% of target analytes can be >25%, 
but < 35% 



Method Blank No analyte at or above the reporting limit, “B” qualify analyte if 
detected and/or greater than 1/10 the amount found in samples 



Laboratory Control Sample 50-130%R for all target analytes 



Matrix Spike / Matrix Spike Duplicate 50-150%R for all target analytes, 30% RPD between the 
duplicates. 



Sample / Sample Duplicate 30% RPD between the duplicates. 
Surrogates 50% - 130% recovery 



Internal Standards 50% - 200% of the daily CCV area for the Internal Standards 
SRM +/- 35% D or 65% - 135% recovery 



 
 
19.0 Corrective Actions for Non-Compliant Data 
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Section 12.0, Quality Control, defines the corrective actions that must be taken in instances 
where QC outliers exist.  If the corrective actions have been followed and the data is still 
unacceptable, reference Section 20.0 for guidance on reporting non-compliant data. 
 
20.0 Contingencies for Handling Unacceptable Data 
 
Section 18.0 outlines sample batch QC acceptance criteria.  If non-compliant Alkylated PAH-
SIM results are to be reported, the Section Supervisor and/or the Laboratory Director, and the 
QA Manager must approve the reporting of these results. The laboratory Project Manager shall 
be notified, and may chose to relay the non-compliance to the client, for approval, or other 
corrective action, such as re-sampling and re-analysis. The analyst or Section Supervisor 
performing the secondary review initiates the project narrative, and the narrative must clearly 
document the non-compliance and provide a reason for acceptance of these results. 
  
21.0 Waste Management 
 
The Alpha Analytical Hazardous Waste and Sample Disposal SOP (G-006), must be referenced 
for disposal of used standards, solvents, acids, reagents or other chemicals. 
 
21.1 Once satisfactory Alkylated PAH-SIM results have been generated, the extracts are held 



for 30 days, or longer if specified by a client contract, then discarded into a 55-gallon 
drum labeled “Vial Waste”. 



 
22.0 References 
 
References in addition to the analytical test methods listed in Section 1.0. Identification of Test 
Methods, used to create this SOP, include the following: 
 
22.1 EPA/600/R-96/027, Guidance for the Preparation of Standard Operating Procedures 



(SOPs) for Quality Related Documents, 1996. 
 



22.2 EPA, 40CFR, Part 136, Appendix B, 7/1997. 
 



22.3 National Environmental Laboratory Accreditation Conference (NELAC) Standard, 
Chapter 5, 6/2003. 
 



22.4 The Alpha Analytical Quality Systems Manual, Rev. 5.1, 5/2008. 
 



22.5 Smith, Roy-Keith, Handbook of Environmental Analysis, 4th Edition, 1999. 
 
22.6 Department of Defense Quality Systems Manual for Environmental Laboratories, 



Version 3, 5/2005. 
 
23.0 Tables and Checklists 



 
Table IA:  PAH, Alkyl PAH, and Heterocyclic Target Compounds Internal Standard Reference 



Compound IS Reference Compound IS Reference 
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Decalin 1 Naphthobenzothiophene 1 
C1-Decalins 1 C1-Naphthobenzothiophene 1 
C2-Decalins 1 C2-Naphthobenzothiophene 1 
C3-Decalins 1 C3-Naphthobenzothiophene 1 
C4-Decalins 1 Benzo[a]anthracene 2 
Naphthalene 1 Chrysene 2 



C1-Naphthalenes 1 C1-Chrysenes 2 
C2-Naphthalenes 1 C2-Chrysenes 2 
C3-Naphthalenes 1 C3-Chrysenes 2 
C4-Naphthalenes 1 C4-Chrysenes 2 



2-Methlynaphthalene 1 Benzo[b]fluoranthene 2 
1-Methlynaphthalene 1 Benzo[k]fluoranthene 2 



Acenaphthylene 1 Benzo[e]pyrene 2 
Acenaphthene 1 Benzo[a]pyrene 2 



Biphenyl 1 Perylene 2 
Benzothiophene 1 Indeno[1,2,3-c,d]pyrene 2 



2,6-Dimethylnaphthalene 1 Dibenz[a,h]anthracene 2 
Dibenzofuran 1 Benzo[g,h,i]perylene 2 



2,3,5-Trimethylnaphthalene 1   
Fluorene 1   



C1-Fluorenes 1   
C2-Fluorenes 1   
C3-Fluorenes 1   



Dibenzothiophene 1   
C1-Dibenzothiophenes 1 Surrogate Compounds  
C2-Dibenzothiophenes 1 2-Methylnaphthalene-d10 1 
C3-Dibenzothiophenes 1 Pyrene-d10 1 
C4-Dibenzothiophenes 1 Benzo(b)fluoranthene-d12 2 



Phenanthrene 1 5B(H) - cholane 2 
Anthracene 1   



C1-Phenanthrenes/Anthracenes 1   
C2-Phenanthrenes/Anthracenes 1 Internal Standards  
C3-Phenanthrenes/Anthracenes 1 Acenapthene-d10 1 
C4-Phenanthrenes/Anthracenes 1 Chrysene-d12 2 



1-Methylphenanthrene 1   
Carbazole 1   



Fluoranthene 1   
Pyrene 1   



C1-Fluoranthrenes/Pyrenes 1   
C2-Fluoranthrenes/Pyrenes 1   
C3-Fluoranthrenes/Pyrenes 1   
C4-Fluoranthrenes/Pyrenes 1   



 
Note:  Alkylated phenanthrenes and anthracenes, and alkylated fluoranthenes and pyrenes are 
quantified together as total alkylated phenanthrene/anthracenes (using the phenanthrene parent 
response factor) and total alkylated fluoranthenes/pyrenes (using the pyrene parent response 
factor). 



 
Table IB: Sterane and Triterpane Target Compounds Internal Standard Reference 



 
Compound IS Reference 



C23 Tricyclic Terpane 2 
C24 Tricyclic Terpane 2 
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C25 Tricyclic Terpane 2 
C24 Tetracyclic Terpane 2 



C26 Tricyclic Terpane-22S 2 
C26 Tricyclic Terpane-22R 2 
C28 Tricyclic Terpane-22S 2 
C28 Tricyclic Terpane-22R 2 
C29 Tricyclic Terpane-22S 2 
C29 Tricyclic Terpane-22R 2 



18a-22,29,30-Trisnorneohopane-TS 2 
C30 Tricyclic Terpane-22S 2 
C30 Tricyclic Terpane-22R 2 



17a(H)-22,29,30-Trisnorhopane-TM 2 
17a/b,21b/a 28,30-Bisnorhopane 2 
17a(H),21B(H)-25-Norhopane 2 



30-Norhopane 2 
18a(H)-30-Norneohopane-C29Ts 2 



17a(H)-Diahopane 2 
30-Normoretane 2 



18a(H)&18b(H)-Oleananes 2 
17a(H),21B(H)-hopane-C30H52 2 



Moretane 2 
30-Homohopane-22S 2 
30-Homohopane-22R 2 



30,31-Bishomohopane-22S 2 
30,31-Bishomohopane-22R 2 
30,31-Trishomohopane-22S 2 
30,31-Trishomohopane-22R 2 



Tetrakishomohopane-22S 2 
Tetrakishomohopane-22R 2 
Pentakishomohopane-22S 2 
Pentakishomohopane-22R 2 



13b(H),17a(H)-20S-Diacholestane 2 
13b(H),17a(H)-20R-Diacholestane 2 
13b,17a-20S-Methyldiacholestane 2 



14a(H),17a(H)-20S-Cholestane 2 
14a(H),17a(H)-20R-Cholestane 2 
13b,17a-20R-Ethyldiacholestane 2 
13a,17b-20S-Ethyldiacholestane 2 
14a,17a-20S-Methylcholestane 2 
14a,17a-20R-Methylcholestane 2 



14a(H),17a(H)-20S-Ethylcholestane 2 
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14a(H),17a(H)-20R-Ethylcholestane 2 
14b(H),17b(H)-20R-Cholestane 2 
14b(H),17b(H)-20S-Cholestane 2 
14b,17b-20R-Methylcholestane 2 
14b,17b-20S-Methylcholestane 2 



14b(H),17b(H)-20R-Ethylcholestane 2 
14b(H),17b(H)-20S-Ethylcholestane 2 



C26,20R- +C27,20S- triaromatic steroid 2 
C28,20S-triaromatic steroid 2 
C27,20R-triaromatic steroid 2 
C28,20R-triaromatic steroid 2 
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Table II:  PAH, Alkyl PAH, Sterane and Triterpane Quantification Primary and Confirmation Ions 



 
Compound 



Quantification & 
Confirmation Ions 



 
Compound 



Quantification & 
Confirmation Ions 



Decalin 138, 96 Pyrene 202, 101 
C1-Decalins 152 C1-Fluoranthrenes/Pyrenes 216, 215 
C2-Decalins 166 C2-Fluoranthrenes/Pyrenes 230, 215 
C3-Decalins 180 C3-Fluoranthrenes/Pyrenes 244, 229 
C4-Decalins 194 C4-Fluoranthrenes/Pyrenes 258 
Naphthalene 128, 127 Naphthobenzothiophene 234, 189 



C1-Naphthalenes 142, 141 C1-Naphthobenzothiophene 248 
C2-Naphthalenes 156, 141 C2-Naphthobenzothiophene 262 
C3-Naphthalenes 170, 155 C3-Naphthobenzothiophene 276 
C4-Naphthalenes 184, 169, 183 Benz[a]anthracene 228, 226 



2-Methylnaphthalene 142, 141 Chrysene 228, 226 
1- Methylnaphthalene 142, 141 C1-Chrysenes 242, 241 



Acenaphthylene 152, 153 C2-Chrysenes 256, 241 
Acenaphthene 154, 153 C3-Chrysenes 270, 255 



Biphenyl 154, 153 C4-Chrysenes 284, 269 
Benzothiophene 134 Benzo[b]fluoranthene 252, 253 



2,6-Dimethylnaphthalene 156, 155 Benzo[k]fluoranthene 252, 253 
Dibenzofuran 168, 139, 169 Benzo[e]pyrene 252, 253 



2,3,5-Trimethylnaphthalene 170, 155 Benzo[a]pyrene 252, 253 
Fluorene 166, 165 Perylene 252, 253 



C1-Fluorenes 180, 165 Indeno[1,2,3-c,d]pyrene 276, 138, 277 
C2-Fluorenes 194, 179,195 Dibenz[a,h]anthracene 278, 139, 279 
C3-Fluorenes 208, 197 Benzo[g,h,i]perylene 276, 277 



Dibenzothiophene 184, 152   
C1-Dibenzothiophenes 198, 197 Biomarker Compounds  
C2-Dibenzothiophenes 212, 197  Triterpanes 191 
C3-Dibenzothiophenes 226, 211 Steranes 217, 218 
C3-Dibenzothiophenes 240, 225 Triaromatic steroids 231 



Phenanthrene 178, 176 Surrogate Compounds  
Anthracene 178, 176 2-Methylnaphthalene-d10 152, 150 



C1-Phenanthrenes/Anthracenes 192, 191 Pyrene-d10 212, 211 
C2-Phenanthrenes/Anthracenes 206, 191, 207 Benzo(b)fluoranthene-d12 264, 260 
C3-Phenanthrenes/Anthracenes 220, 205 5B(H) - cholane 217, 218 
C4-Phenanthrenes/Anthracenes 234, 219   



1-Methylphenanthrene 192 Internal Standards  
Carbazole 167, 139 Acenapthene-d10 164, 162 



Fluoranthene 202, 101 Chrysene-d12 240, 241 
 
Note:  Alkylated phenanthrenes and anthracenes, and alkylated fluoranthenes and pyrenes are quantified 
together as total alkylated phenanthrene/anthracenes (using the phenanthrene parent response factor) and 
total alkylated fluoranthenes/pyrenes (using the pyrene parent response factor). 
 
 
Table III: Initial Calibration Checklist 
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Table IV: Continuing Calibration Checklist 
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Table V: Data Review Checklist 
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The procedures described herein are designed with pollution prevention so that they reduce the amount of hazardous substances and lower the hazards to public health. For more details on P2, click here for Pollution Prevention Basics. 



Click here for “The Pursuit of the True Answer” with deviations from M1668A. 



1          SCOPE AND APPLICATION 



1.1  This method is for the determination of coplanar polychlorinated biphenyls (PCBs), mono-ortho substituted PCB congeners, the 10 PCB homologue groups as well as the 209 PCB 
congeners at the quantitation limits listed in Table 1 for water, soil, sediment, sludge, ash, tissue, and other sample matrices such as air by gas chromatography/high-resolution mass 
spectrometry/selective ion monitoring (GC/HRMS/SIM). The method is based upon the combined features of EPA Method 1668A to extract, cleanup sample extracts, and measure 
toxic PCB congener target compounds. 



1.2  Quantitation levels are usually dependent on the level of interferences rather than instrumental limitations. The quantitation limits listed are levels at which the PCBs can be 
determined with only common laboratory interferences present. 



1.3  This method is "performance-based". Modifications to the method to overcome interferences or lower the cost of measurements are permitted, provided that all performance criteria in 
this method are met. 



1.4  Twenty-seven 13C12-PCB congeners, including the 12 WHO congeners, are added to each sample as Extraction Standards. Following a matrix-specific extraction, the extracts are 



fortified with a group of three 13C12-PCB congeners as Cleanup Standards. Once cleaned up, the residue is fortified with a mixture of five 13C12-PCB congeners as Injection 



Standards. For air samples, the role of the CS is modified so that they can be used as Sampling Standards; i.e., they are added to the sampling module before the sampling session. 
A five-point ICAL is used to derived the analytes and labeled compounds RRFs. For assays requiring an OPR, a front-end CS3 is analyzed while the BCS3 system – developed for 



Method 8290B – is applied for assays not mandating an OPR (e.g., air samples, R&D, SW…). It is through the application of BCS3 on real sample projects that data will be generated 



to establish the appropriate control limits. The latter are still under evaluation for both PCBs and PCDD/Fs. 



2     METHOD SUMMARY 



2.1  AQUEOUS SAMPLES (<1% solids) - Stable isotopically labeled analogs of PCB target congeners are spiked into a one-liter sample and either vacuum-filtered (if particulates are 
present) through a glass-fiber filter, toluene-SDS the filter and liquid-liquid extract the filtrate with methylene chloride. If the sample does not show visible particulates, a liquid-liquid 
partitioning is carried out with methylene chloride.   



2.2  SOLID, SEMI-SOLID, AND MULTI-PHASE SAMPLES (except tissue) - The labeled compounds are spiked into the sample containing 10 g dry-weight equivalent.    Samples 
containing multiple phases are filtered and any aqueous liquid discarded.  Coarse solids are ground or homogenized.  Any non-aqueous liquid from multi-phase samples is combined 
with the solids and extracted in a Soxhlet/Dean Stark (SDS) extractor. The extract is concentrated for cleanup. Results are reported on a dry-weight basis. 



2.3  FISH AND TISSUE- A 25-g aliquot of sample is homogenized, and spiked with the labeled isotope compounds.  The sample is mixed with HydromatrixTM and extracted for 16 hours 
using hexane in a Soxhlet Dean-Stark extractor over acid-coated silica gel (see Method 8290 for tissue for details). The extract is evaporated to dryness. The lipid content is 
determined using a separate aliquot of the tissue as per the procedure described for Method 8290. 



2.4  AIR SAMPLES – For Modified Method Five and ambient air samples, the sampling sorbent is fortified with a mixture of Sampling Standards before sampling. Upon return to the 
laboratory, the various components of the train are processed as per the M23 diagram (see Method 23). The extraction starts with hexane SDS for 16 hours followed by toluene for 16 
hours. This approach is applicable to PCBs whether in conjunction with PCDD/Fs or not, whether in conjunction with PAHs or not, and whether selected PCB congeners are assayed 
or not. The combination of solvent is necessary to ensure the recovery of low- and high-molecular weight congeners as well as coplanar and mono-ortho congeners. Alternatively, it is 
permitted to perform an 8-H hexane SDS followed by an 8-H toluene SDS. 



2.5  The extract is fortified with Cleanup Standards and fractionated using the ASECS procedure (see Method 8290 or Fractionation SOP). For air samples, do not add the CS because 
the Cleanup Standards are actually playing the role of Sampling Standards and were introduced inside the sampling module before the sampling session. Collect the PCB fraction. 
After cleanup, the extract is concentrated to near dryness. Injection Standards are added to each extract and an aliquot of the extract is injected. The analytes are separated by the 
GC and detected by gas chromatography/high resolution mass spectrometry/selective ion monitoring (GC/HRMS/SIM) to achieve the required quantitation limits of the method. Two 
exact m/z’s are monitored for each homologue. 



            2.5.1       For the measurement of the 209 PCB congeners, the GC/MS system is calibrated using the native and labeled PCB congeners listed in Table 1.  



2.6       An individual PCB congener is identified by comparing the GC retention time and ion abundance ratio of two exact m/z’s with the corresponding retention time of an authentic 
standard and the theoretical ion-abundance ratio of the two exact m/z's.  Isomer specificity for the toxic PCBs is achieved using GC columns that resolve these congeners from the 
other PCBs. For this SOP, the SB Octyl 60-m column is used as described in Method 1668A. A 60-m DB-5MS is also used for WHO 29 target analytes where the SB-Octyl co-
eluting pair of iso-TEF isomers PCB-156/157 can be resolved. Data validating such isomer-specificity were supplied to NELAC by comparing the analyses of a mixture containing 
all 209 congeners for the two co-eluting isomers on the SB-Octyl column and the DB-5MS column (click here for details). 



2.7       Quantitative analysis is performed using selected ion current profile (SICP) areas, in one of two ways: 



2.7.1       For PCB congeners with labeled analogs, the GC/MS system is calibrated, and the concentration of each compound is determined using the isotope dilution technique. 



2.7.2       For PCB congeners without labeled isotopes, and for PCB homologues, the GC/MS system shall be calibrated and the concentration of each compound determined 
using internal standard technique. 



2.7.3       Note that different relationships are used as permitted by the method (Table 3).  The selection is based on the rationale discussed in the attachment, which can be 
viewed by clicking here. 



2.7.4       The effects from quantitative interferences, a common occurrence observed with PCB analyses targeting such a wide range of compounds, are mitigated by the use of a 
custom-developed and validated program known under the name of “Equalizer”. The program is considered intellectual property and no written details will be provided 
until a peer-reviewed publication of the concept and the demonstration of its benefits for this type of assays is completed. The concept is also considered proprietary, and 
we request any third parties made aware of this unique, innovative and powerful tool to respect the confidential aspects until the paper is accepted for publication. The 
raw data shows the file name appended with the letters “EQ” to indicate that the data underwent the special treatment with the ©Equalizer. 



2.7.5       For dichlorinated congeners, a single ion corresponding to the M+. is used for the quantitations and to determine S/N. Indeed, the M+2 ion is interfered by background 
ions originating from the reference compound PFK. The latter increases the chemical noise and leads to unrealistically high detection limits. The letters “SI” appear on the 
raw data to indicate when such feature is turned on at the data generation stage. Retention time matching, detection of the molecular ion and other aspects associated 
with the number of possible dichlorinated congeners are considered sufficient to provide reliable data.  



2.8       The quality of the analysis is assured through reproducible calibration and testing of the extraction, cleanup, and GC/MS systems. Under the BCS3 system, such performance 



assessment can be obtained. However, under the OPR system, we cannot make the same statement. 



3     CONTAMINATION AND INTERFERENCES 



3.1       All materials used in the analysis shall be demonstrated to be free from interferences by running reference matrix method blanks with each sample batch. Note that with PCBs, 
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background contributions are very common in a laboratory environment. Method 1668A introduced the EML concept in recognition of this fact. However, AAP has adopted a policy to 
“beat” these EMLs as much as possible by investigating the sources of PCB background contributions and ultimately achieve the same results as currently achieved with 
PCDD/Fs (i.e., no detectable signals). This effort might take some time to achieve. EMLs constitute a “nice” protection that should not take away our determination to succeed in 
this endeavor.  



3.1.1       The reference matrix should simulate, as closely as possible, the sample matrix under test. For IPAs/OPRs, reagent water can be used to simulate water samples; 
playground sand or white quartz sand can be used to simulate soils; filter paper can be used to simulate papers or similar materials; and corn oil or cod fish can be used 
to simulate tissues. However, for Method Blanks, use only the materials that are part of the field samples processing. For instance, if HydromatrixTM is used to prepare a 
serum sample, than, the same amount of HydromatrixTM from the same lot number should be used for the Method Blank. Adding to the MB some oil, which is not added 
to the field samples, is an action that ignores the purpose and function of the MB.   



3.2       Interferences co-extracted from samples will vary from source to source, depending on the site being sampled. The cleanup steps can be used to reduce or eliminate such 
interferences. It is worth mentioning that assaying for such a broad range of target compounds, complications will results. Indeed, certain types of interferences (a.k.a. quantitative 
interferences, QI) cannot be removed without removing the target analytes. Appropriate actions will be taken and considered on a case-by-case basis. These can range from 
additional cleanup, dilutions, to using the ©Equalizer and the application of adequate data qualifiers and interpretation/discussion in the case narrative. 



4     SAFETY 



            The toxicity or carcinogenicity of each chemical used in this method has not been precisely determined; however, each compound should be treated as a potential health hazard. 
Exposure to these compounds should be reduced to the lowest possible level. The laboratory is responsible for maintaining a current awareness file of OSHA regulations regarding the 
safe handling of the chemicals specified in this method. A reference file of material safety data sheets (MSDS) should also be made available to all personnel involved in these analyses. 



5     APPARATUS AND MATERIALS 



5.1       CTC Autosampler 



5.2          Alpha Station 



5.3          Water Cooler. 



5.4       Magnetic Sector High Resolution Mass Spectrometer. 



5.5       Food Slicer. 



5.6       Pipets, disposable, serological, 10 mL. 



5.7       Pipets, Pasteur. 



5.8       Amber glass bottles, 1 liter (Teflon-lined screw cap). 



5.9       Two-liter separatory funnels. 



5.10     Teflon boiling chips. 



5.11     glass chromatographic column (see ASECS in Method 8290) 



5.14     N-Evaporator 



5.15     Conical vials, 2 mL. 



5.16     Pyrex fiber glass, 8m sliver (glass wool plug). 



5.17     Funnels, 100 mL. 



5.19     Dean-Stark Trap, condenser and flask. 



5.20     Rotary Evaporator. 



5.21     Round-bottom flasks, 500 mL. 



5.22     Top-Loader Balance. 



5.23     Injection vials. 



5.24     Electrothermal electromantles. 



5.25     Drying oven. 



5.27       Whatman glass microfibre filters. 



  



6     REAGENTS, STANDARDS AND SOLVENTS 



6.1.1    Sulfuric acid, concentrated. 



6.1.2    Sodium thiosulfate, 80mg/L. 



6.1.3    Silica gel 60 (70-230 mesh). 



6.1.4    Water, distilled. 



6.1.5    Prepurified nitrogen gas. 



6.1.6      Anhydrous sodium sulfate. 



6.1.7      HydromatrixTM 



6.2       Solvents 



6.2.1    Methylene chloride. Highest available purity. 



6.2.2    Hexane. Highest available purity. 



6.2.3    Tetradecane. Highest available purity. 



6.2.4    Methanol. Highest available purity. 



6.2.5    Toluene. Highest available purity. 



6.3       Standards 



6.3.1      PCB Analytical Standards (Cambridge Isotope Labs, Wooburn, MA). 



6.3.2      For details on the preparation and independent verification, see Standards SOP in the Preparation of Supplies Section. 



6.3.3      The NS (native spike) solution used for the BCS3 must originate from an independent source. 



7          SAMPLE COLLECTION, PRESERVATION, STORAGE AND HOLDING TIMES 



7.1       Aqueous Samples  



7.1.1    At minimum, collect one liter of sample. If residual chlorine is present, add 80mg/L of sodium thiosulfate. 



7.1.2    Adjust sample pH 2-3 with sulfuric acid. 
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7.1.3    Store aqueous samples in the dark at 2-6°C. 



7.2       Solid Samples 



7.2.1    Solid samples are collected as grab samples using wide-mouth jars. 



7.2.2    Store solid, semi-solid, oily, and mixed-phase samples in the dark at 2-6°C. 



7.3       Fish and Tissue Samples 



7.3.1    Fish may be cleaned, filleted, or processed in other ways such that the sample is received as whole fish, fish fillets or other tissues for analysis. 



7.3.2    Samples must be frozen and maintained in the dark at <-18-20°C. 



7.4       Holding Times 



7.4.1    If stored in the dark at 2-6°C and preserved as described in Section 7.3, aqueous samples may be stored for up to one year. 



7.4.2    If stored in the dark at <-10°C, solid, semi-solid, oily, multi-phase, fish and tissue samples may be stored for up to one year. If stored at 2-4oC, the holding time for the 
extraction becomes 30 days from collection. 



7.4.3    Sample extracts should be stored at 4°C until analyzed. If stored in the dark at <-10°C, sample extracts may be stored for up to one year. 



8     QUALITY CONTROL 



            Quality control is demonstrated by an initial demonstration of laboratory capability, analysis of spiked samples with labeled compounds to evaluate and document data quality, and the 
analyses of standards and blanks as a test of continued performance. 



8.1       Initial Precision and Recovery (IPA): Four aliquots of the diluted precision and recovery standard are analyzed to establish the ability to generate acceptable precision and 
accuracy in reference matrix.  Alternatively, AAP’s initial demonstration is performed while conducting the MDL studies using a spike level that is 20 times lower than what the 
method’s calls for. Recently, AAP has adopted a policy to use a mixture containing the 209 congeners for IPAs and future MDLs. 



8.1.1    An IPA is performed prior to the first time this method is used and any time the method or instrumentation is modified. 



8.1.2    Using the results of the set of four analyses, calculate the average concentration (x) and the standard deviation (s) for each compound. 



8.1.3    Compare x and s for each native and labeled compound with the limits for IPA in Table 6 of method 1668A. If any individual s exceeds the precision limit or any individual x 
fall outside the range for accuracy, the test must be repeated. For congeners that are not listed in the method table, refer to the limits posted in the spreadsheet 
summarizing the data. 



8.2       Method Blank (MB): Method Blank is a sand, distilled water or other appropriate matrix preparation that is free from native analyte that has been prepared and analyzed using the 
same procedures followed for the rest of the sample batch. 



8.2.1    A MB is run with every analytical batch or 20 samples, whichever is less, per matrix type. 



8.2.2    Analytical data is accepted (with a data qualifier) if the amount found in the MB is less than one tenth of the level found in the associated samples. Otherwise, the samples 
are re-extracted and analyzed. Use the EMLs in Method 1668A for guidance only. Use the “B” data qualifier when a specific congener is found at a level above the RL or 
when at a level that is not “significantly” different then the one found in the field sample even if below the RL. 



8.3       Ongoing Precision and Recovery (OPR): An ongoing precision and recovery sample is prepared by adding a known quantity of native standard to an interferant-free matrix and 
used to assess method performance (precision and recovery). 



8.3.1    Spike the native compounds into the sample at a level corresponding to the CS3. 



8.3.2    An OPR is analyzed with every analytical batch or 20 samples (whichever is less) per matrix type. 



8.3.3    For each native and labeled compound, compare the concentration with the limits for ongoing accuracy in Table 6 in Method 1668A. 



8.4       Matrix Spike (MS/MSD): A matrix spike sample is prepared by adding a known quantity of native standard to a sample matrix prior to extraction. The MS/MSD are only prepared 
when requested by the clientele. Although, it is customarily to use only the unlabeled compounds present in the ICAL, AAP might consider using the 209 congeners once every 
other year to assess its ability to determine the full list of congeners. 



8.4.1    Spike the native compounds into the sample at a level corresponding to the CS3. 



8.4.2      The relative percent difference between MS/MSD samples should be 50%. 



8.5          Batch CS3: For air samples and other sample projects not requiring an OPR and/or MS/MSD, a Batch CS3 is prepared and analyzed at the beginning and at the end of each 12-H 



analytical sequence according to the descriptions provided in Method 8290. The concentrations of the Batch CS3 are the same as the CS3 of the ICAL.  As indicated earlier, a 



database of Batch CS3’s will become the basis for developing control limits. Until such time, the control limits currently proposed for Method 8290 will be considered. For more 



details on the BCS3 concept, refer to Method 8290B SOP. 



  



8.6          Solvent Blank Spike (SBS): To ensure that no carry-overs are operating, an SBS injection is performed right after the analysis of the BCS3 (or CS3, or OPR). The goal is to verify 



that no peaks from the previous run are found with a S/N>2.5. However, in order to distinguish the absence of carry-overs from a “miss-injection”, the SBS is used instead of just 
nonane by itself. The SBS contains a number of PCB congeners ranging from Cl3 to Cl7 (see list below).  A second function fulfilled by the SBS is verification of the overall 



instrument sensitivity. The various PCB congeners present in the SBS are present at a concentration that is ½ the lowest point on the calibration curve (or ML; 0.5 pg/L). 



  



PCB Congeners in the SBS 



  



Tri-CB:                        36 



TCB:                72, 79, 78 



PeCB:             96, 98, 89, 107, 106 



HxCB:              152, 166 



HpCB:             184, 182 



OCB:               204 



  



9     INITIAL CALIBRATION 



9.1       Inject the reference compound perfluorokerosene (PFK). PFK provides the required lock masses and is used for tuning the mass spectrometer. 



9.2       Using a PFK molecular leak, tune the instrument to meet the minimum required resolving power of 10,000. For each mass descriptor, monitor and record the resolution and exact 
m/z of three to five reference peaks covering the range of the descriptor. 



9.3       An appropriate lock mass will be monitored for each descriptor and shall not vary by more than 20% throughout the respective retention time window. 



9.4       For the measurement of PCBs, the exact m/z’s to be monitored in each descriptor are listed in Table 6 of the method. 



9.5       Inject 1 L of the Window Defining Mix (CPSM) or Batch CS3.
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9.5.1    The first and last eluters are verified to be within the appropriate retention time windows for each chlorination level. 



9.6       Under the same conditions, inject 1 L of each of the five calibration solutions containing all PCB isomers. Calibration standard solutions are presented in Table 2. 



9.6.1    The signal to noise ratio (S/N) must exceed 10:1 for all ions monitored, 



9.6.2      The ion abundance ratio measurements must be within  15% of the theoretical ratio. 



9.7       Calibration by Isotope Dilution: Isotope dilution calibration is used for the native PCBs for which labeled compounds are added to samples prior to extraction. 



9.7.1    If the relative response for any compound is less than 20% coefficient of variation over the 5 point calibration range, an averaged relative response is used for that 
compound; otherwise, the complete calibration curve for that compound is used over the 5 point range. 



9.8       Calibration by Internal Standard: Internal standard method is used for the determination of native PCBs for which a labeled compound is not available. 



9.8.1    If the response factor for any compound is less than 35% coefficient of variation over the 5 point calibration range, an averaged response factor may be used for that 
compound; otherwise, the complete calibration curve for that compound shall be used over the 5 point range. 



10        SAMPLE EXTRACTION AND CONCENTRATION 



10.1     Determine the percent solids on all samples. Weigh 2-10g of sample, dry overnight in 110C oven and re-weigh. 



10.2     AQUEOUS OR SAMPLES WITH <1% SOLIDS: Extract sample using one of the following two extraction procedures: 



Using 1 L of the sample, spike 2 ng of the Extraction Standards into the sample. Into the OPR, spike the native compounds at a level consistent with the CS3 concentration. If 
particulates are present, filter (0.45 m) and perform a dual extraction (liq-liq with MC on the filtrate and toluene SDS on the filter/solid).  SDS Soxhlet extract the filter with toluene 
for 16 hours. Combine the extracts and solvent exchange into hexane. Proceed with cleanup procedures.  In the absence of particulates, liquid-liquid partition with MC (3x60 mL in 
separatory funnel or using the CLL). Allow the organic layer to separate and collect by passing through a funnel with cleaned Na2SO4 into a 500mL round bottom. Concentrate 



and solvent-exchange into hexane. Proceed with appropriate cleanup procedures. 



10.3     SOIL, SEDIMENT, SLUDGE OR SAMPLES WITH >1% SOLIDS: Spike 2 ng of the Extraction Standards into the thimble containing 10-20 g equivalent dry weight of sample 
mixed with HydromatrixTM. SDS Soxhlet extract for 16 hours hexane followed by 16 H with toluene. Concentrate, combine and solvent-exchange into hexane. Proceed with 
cleanup procedures. It is permitted to perform an 8-H hexane SDS followed by an 8-H toluene SDS extraction. 



10.4     MULTI-PHASE SAMPLES: Using the percent solids, determine the volume of sample that will provide 10-20 g of solids, up to 1L of sample. Pressure filter the amount of sample 
determined through glass-fiber filter paper. If necessary, separate the phases and/or settle the solids, centrifuge the aliquots before filtration. Discard any aqueous phase, if 
present. Remove any non-aqueous liquid present and reserve the maximum amount filtered from the sample or 10 g, whichever is less, for combination with the solid phase. 



10.7       ASH SAMPLES: Spike 2 ng of the Extraction Standards into the thimble containing 5 g of sample mixed with HydromatrixTM.  SDS Soxhlet extract for 16 hours with hexane, 
followed by 16 H with toluene. Concentrate, combine and solvent-exchange into hexane. Proceed with cleanup procedures. For ash matrices, do not use the two 8-H SDS 
extraction option. 



10.8       AIR SAMPLES: See Methods 23/8290B for procedural details. Depending on whether or not PCBs are analyzed in conjunction with PCDD/Fs and/or PAHs, the spike amount 
ranges from 2 ng to 4 ng. Custom-made charts are used to help with the description of the spike profiles, the sample handling and extractions. Because these charts are designed 
on a per project basis, see the project folder for the charts. The resin/PUF sorbents are pre-spiked with three Sampling Standards (i.e., the CS in 1668A).  



10.9     FISH AND TISSUE SAMPLES: Mix 25 g of well ground fish with HydromatrixTM. Stir frequently to remove any lumps. Transfer the mixture to a thimble containing 50 g of acid-
coated silica gel. Spike 2 ng of the Extraction Standards. Soxhlet extract for 16 hours with hexane. Proceed with cleanup procedures. Calculate the % lipids on a separate aliquot. 



10.9.1  % Lipids 



10.9.1.1           Using a 5-to-10-g separate aliquot, extract inside a VOA vial using MC and sonication. 



10.9.1.2           Filter through a glasswool plug containing sodium sulfate. 



10.9.1.4           Allow the extract to air dry completely and then place in a vacuum oven overnight at room temperature. 



10.9.1.5           Weigh the residue on the balance and record the weight. Calculate the % lipids using the following equation: 



% lipids = lipid residue wt.      x 100 
        sample wt. 



11        CLEAN-UPS 



            Cleanup may not be necessary for relatively clean samples (e.g., treated effluents, groundwater, drinking water).  If particular circumstances require the use of a cleanup procedure, the 
analyst may use any or all of the procedures below or any other appropriate procedure. Acidic and basic silica gels are used to remove non-polar and polar interferences. 



11.1                       Add the CS (2 ng) 



11.2                       ASECS (see Method 8290B SOP or Sample Fractionation SOP; U-ASECS). The fractionation procedure is designed for all samples regardless of the level of 
complexity. In addition, it provides for the isolation of all 209 congeners, or just the WHO 29 target compounds, and PCDD/Fs (U = universal). 



12   HRMS ANALYSIS 



            Establish the necessary operating conditions. The GC conditions may be optimized for compound separation and sensitivity. Once optimized, the same GC conditions must be used for 
the analysis of all standards, blanks, OPR aliquots, BCS3 and samples. Use the SB-Octyl GC column described in Method 1668A. For isomer specific determination of the PCB-156 and 



PCB-157, use the WHO 29 SOP. 



12.1     The reference perfluorokerosene (PFK) provides the required lock masses and is used for tuning the mass spectrometer. 



12.1.1  An appropriate lock mass will be monitored for each descriptor and shall not vary by more than  20% throughout the respective retention time window. 



12.1.2  Using a PFK molecular leak, tune the instrument to meet the minimum required resolving power of 10,000. For each descriptor, monitor and record the resolution and 
exact m/z of three to five reference peaks covering the range of the descriptor. The mass resolution check is achieved before any analysis is performed and at the end of 
each 12-hour shift. 



12.2     Set up the analytical run following this sequential injection pattern: Window Defining Mix or CPSM, CS3, OPR, BCS3, Solvent Blank, Method Blank, Samples, closing BCS3. Note 



that under the BCS3 system, no CS3 or OPR are required. And similarly, under the OPR system, no BCS3 are required. However, it is important to emphasize that AAP has been 



operating in dual mode for many months before adopting this policy. 



12.3     Continuing Calibration 



12.3.1  Inject 1L of the Window Defining Mix. 



12.3.1.1           The first and last eluters are verified to be within the appropriate retention time windows for each chlorination level. 



12.3.2  Inject either a mid-range standard from the initial calibration curve (CS3), or a BCS3 created for the samples to be analyzed. The following criteria must be met: 



12.3.2.1           Calculate the concentration of each native compound either by isotope dilution or internal standard technique. Each compound must be within the 
verification limits established in Method 1668A. 



12.3.2.2    The ion ratios must be within 15% of theoretical. 



12.3.2.3           The signal to noise ratio (s/n) must exceed 10:1 for all ions monitored.  



12.3.2.4               Criteria for BCS3 are available from M8290B SOP (i.e., in addition to the RT, S/N, ion-abundance ratio, a PD of <20 percent for Ax, PD<50 percent for 



ES/CS/SS; RPD <10 percent for Ax; RPD <20 percent for ES/CS/SS). 



Page 4 of 9Untitled Document



10/21/09file://Q:\Procedures\SOP MAIN\pages\AP\APCM\PCB-HRMS_428.htm











  



13   DATA ANALYSIS AND CALCULATIONS 



13.1     Qualitative Determination 



            A chromatographic peak is identified as a PCB or labeled compound when all of the following criteria are met: 



13.1.1  The signals for the two exact m/z’s being monitored (Method 1668) must be present and must maximize within 2 seconds of one another. 



13.1.2  The signal-to-noise ratio (S/N) of each of the two exact m/z’s must be 2.5:1 for a sample extract, and 10:1 for a calibration standard. 



13.1.3  The ratio of the integrated areas of the two exact m/z’s must be within the limits established in Table 2. 



13.1.4  The relative retention times of the peak for a toxic PCB must be within 5% of the relative retention times listed in Method 1668. The retention times of peaks representing 
PCBs other than the toxic PCBs must be within the retention time windows established. 



13.2     Quantitative Determination 



13.2.1  For peaks which meet the criteria listed above (13.3), quantitate the PCB peaks from the response relative to the appropriate internal standard.  



14.2.1.1           Any peaks representing the other congeners are quantitated using the response factors from specified labeled PCBs isomers at the same level of 
chlorination (Table 3). 



13.2.2  Recovery of each extraction standard must be within Method 1668A limits 



13.2.2.1           It is recommended that samples that do not meet the above requirement be re-extracted and re-analyzed. 



13.2.2.2           Click here for additional comments on recoveries. 



  



13.2.3  The OPR results must meet the acceptance criteria reported in Method 1668A. 



13.2.4  When applicable, the BCS3 results are examined within the context of Method 8290B’s guidelines (i.e., PD of <20 percent for Ax, PD<50 percent for ES/CS/SS; RPD <10 



percent for Ax; RPD <20 percent for ES/CS/SS).  



13.3     Calculations 



13.3.1   The concentrations for PCB compounds are calculated by using the formula: 



  



  



       Cx  =            Ax    Qis
 



                           Ais    W    RRF      
 



Where: 



                                       Cx  =             concentration of unlabeled PCB congeners (or group of                                                       coeluting isomers within an homologous series), 



                                       Ax  =              sum of the integrated ion abundances of the quantitation ions for unlabeled PCBs 



                                       Ais =  sum of the integrated ion abundances of the quantitation ion                                                for the labeled internal standards, 



                                       Qis =  quantity, in pg, of the internal standard added to the sample                                                before extraction, 



                                       W  =  weight of the sample (solid or liquid), and 



                                       RRF = calculated relative response factor for the analyte. 



  



13.3.2  The detection limits can be calculated using the following formula: 



DL  =                        2.5    HN    QIS
 



                        HIS    W    RRF
 



Where: 



                                            DL  =  sample specific estimated detection limit, 



                                            HN  =  noise height (peak to peak),  



                                            HIS  =  peak height of the internal standard, 



                                            Qis  = quantity, in pg, of the internal standard added to the sample       before extraction,          



                                            W  =  weight of the sample (solid or liquid), and 



                                            RRF  =  calculated relative response factor for the analyte. 



15   REFERENCES 



15.1     Method 1668A.  Measurement of Toxic PCB Congeners By Isotope Dilution HRGC/HRMS, Prepared by Analytical Methods Staff, Engineering and Analysis Division (4303), Office 
of Science and Technology, Office of Water, U. S. Environmental Protection Agency, Washington, DC, December 1999. 
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Table 1. Concentration of PCBs in Calibration and Calibration Verification Solutions 



  



 



 



1668A ICAL
units: pg / L



Individual Standard CS0 CS-1 CS-2 CS-3 CS-4 CS-5



IUPAC VER



2-MoCB  1 0.5 1.0 5.0 50 400 2000



4-MoCB  3 0.5 1.0 5.0 50 400 2000



2,2'-DiCB  4 0.5 1.0 5.0 50 400 2000



4,4'-DiCB  15 0.5 1.0 5.0 50 400 2000



2,2',6'-TrCB  19 0.5 1.0 5.0 50 400 2000



3,4,4'-TrCB  37 0.5 1.0 5.0 50 400 2000



2,2',6,6'-TeCB  54 0.5 1.0 5.0 50 400 2000



3,3',4,4'-TeCB  77 0.5 1.0 5.0 50 400 2000



3,4,4',5-TeCB  81 0.5 1.0 5.0 50 400 2000



2,2',4,6,6'-PeCB  104 0.5 1.0 5.0 50 400 2000



2,3,3',4,4'-PeCB  105 0.5 1.0 5.0 50 400 2000



2,3,4,4',5-PeCB  114 0.5 1.0 5.0 50 400 2000



2,3',4,4',5-PeCB  118 0.5 1.0 5.0 50 400 2000



2',3,4,4',5-PeCB  123 0.5 1.0 5.0 50 400 2000



3,3',4,4',5-PeCB  126 0.5 1.0 5.0 50 400 2000



2,2',4,4',6,6'-HxCB 155 0.5 1.0 5.0 50 400 2000



2,3,3',4,4',5-HxCB 156 0.5 1.0 5.0 50 400 2000



2,3,3',4,4',5'-HxCB  157 0.5 1.0 5.0 50 400 2000



2,3',4,4',5,5'-HxCB 167 0.5 1.0 5.0 50 400 2000



3,3',4,4',5,5'-HxCB 169 0.5 1.0 5.0 50 400 2000



2,2',3,4',5,6,6'-HpCB 188 0.5 1.0 5.0 50 400 2000



2,3,3',4,4',5,5'-HpCB 189 0.5 1.0 5.0 50 400 2000



2,2',3,3',5,5',6,6'-OcCB 202 0.5 1.0 5.0 50 400 2000



2,3,3',4,4',5,5',6-OcCB 205 0.5 1.0 5.0 50 400 2000



2,2',3,3',4,4',5,5',6-NoCB  206 0.5 1.0 5.0 50 400 2000



2,2',3,3',4',5,5',6,6'-NoCB 208 0.5 1.0 5.0 50 400 2000



DeCB  209 0.5 1.0 5.0 50 400 2000



1668A ICAL
units: pg / L



Individual Standard CS0 CS-1 CS-2 CS-3 CS-4 CS-5



IUPAC VER



Extraction Standards



13C12-2-MoCB 1 L 100 100 100 100 100 100



13C12-4-MoCB 3 L 100 100 100 100 100 100



13C12-2,2'-DiCB 4 L 100 100 100 100 100 100



13C12-4,4'-DiCB 15 L 100 100 100 100 100 100



13C12-2,2',6'-TrCB 19 L 100 100 100 100 100 100



13C12-3,4,4'-TrCB 37 L 100 100 100 100 100 100



13C12-2,2',6,6'-TeCB 54 L 100 100 100 100 100 100



13C12-3,3',4,4'-TeCB 77 L 100 100 100 100 100 100



13C12-3,4,4',5-TeCB 81 L 100 100 100 100 100 100



13C12-2,2',4,6,6'-PeCB 104 L 100 100 100 100 100 100



13C12-2,3,3',4,4'-PeCB 105 L 100 100 100 100 100 100



13C12-2,3,4,4',5-PeCB 114 L 100 100 100 100 100 100



13C12-2,3',4,4',5-PeCB 118 L 100 100 100 100 100 100



13C12-2',3,4,4',5-PeCB 123 L 100 100 100 100 100 100



13C12-3,3',4,4',5-PeCB 126 L 100 100 100 100 100 100



13C12-2,2',4,4',6,6'-HxCB 155 L 100 100 100 100 100 100



13C12-2,3,3',4,4',5-HxCB 156 L 100 100 100 100 100 100



13C12-2,3,3',4,4',5'-HxCB 157 L 100 100 100 100 100 100



13C12-2,3',4,4',5,5'-HxCB  167 L 100 100 100 100 100 100



13C12-3,3',4,4',5,5'-HxCB  169 L 100 100 100 100 100 100



13C12-2,2',3,4',5,6,6'-HpCB 188 L 100 100 100 100 100 100



13C12-2,3,3',4,4',5,5'-HpCB 189 L 100 100 100 100 100 100



13C12-2,2',3,3',5,5',6,6'-OcCB 202 L 100 100 100 100 100 100



13C12-2,3,3',4,4',5,5',6-OcCB 205 L 100 100 100 100 100 100



13C12-2,2',3,3',4,4',5,5',6-NoCB 206 L 100 100 100 100 100 100



13C12-2,2',3,3',4',5,5',6,6'-NoCB 208 L 100 100 100 100 100 100



13C12-DeCB 209 L 100 100 100 100 100 100



Cleanup or Sampling Standards



13C12-2,4,4'-TrCB  28 L 100 100 100 100 100 100



13C12-2,3,3',5,5'-PeCB 111  L 100 100 100 100 100 100



13C12-2,2',3,3',5,5',6-HpCB 178  L 100 100 100 100 100 100



Injection Standards



13C12-2,5-DiCB 9  L 100 100 100 100 100 100



13C12-2,2',5,5'-TeCB 52  L 100 100 100 100 100 100



13C12-2,2',4',5,5'-PeCB 101  L 100 100 100 100 100 100



13C12-2,2',3',4,4',5'-HxCB 138  L 100 100 100 100 100 100



13C12-2,2',3,3',4,4',5,5'-OcCB 194  L 100 100 100 100 100 100
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 Table 2. Theoretical Ion Abundance Ratios and QC Limits 



  



  



(1)    Represents   15% windows around the theoretical ion abundance ratios. 



 



Number of Chlorine Ion Type Theoretical  Ratio Control Limits(1) 



Atoms     Lower Upper 



1 M/M+2 3.13 2.66 3.60 



2 M/M+2 1.57 1.33 1.81 



3 M/M+2 1.04 0.88 1.20 



4 M/M+2 0.77 0.65 0.89 



5 M+2/M+4 1.56 1.32 1.78 



6 M/M+2 0.51 0.43 0.59 



6 M+2/M+4 1.25 1.05 1.43 



7 M/M+2 0.45 0.37 0.51 



7 M+2/M+4 1.04 0.88 1.20 



8 M+2/M+4 0.89 0.76 1.02 



9 M/M+2 1.34 1.14 1.54 



9 M/M-2 0.78 0.66 0.90 



10 M/M+2 1.17 0.99 1.35 



Page 7 of 9Untitled Document



10/21/09file://Q:\Procedures\SOP MAIN\pages\AP\APCM\PCB-HRMS_428.htm











  



Table 3: Quantitation Relationships (Ax vs ES) 



  



  



 



Table 3: Quantitation Relationships (ES vs JS ; CS vs JS) 



  



List of Abbreviations & Acronyms  



•                AS = alternate standard 
•                Ax = target analyte 
•                BCS3 = batch control spike 
•                CAA = Clean Air Act 
•                COC = chain of custody 
•                CPSM = column performance standard mixture 
•                CS3 = calibration solution corresponding to the middle point of the initial calibration curve 
•                CS = cleanup standard 
•                CWA = Clean Water Act 
•                dfa Technology = dioxin-furan array (fingerprinting reminiscent of DNA plates) 
•                DOC = documentation of capability 
•                DUP = duplicate 



AP  Quantitation References - Standard



ES  PCB-1 ES  PCB-4 ES  PCB-19 ES  PCB-54 ES  PCB-104 ES  PCB-155 ES  PCB-188 ES  PCB-202 ES  PCB-206 ES  PCB-209



PCB-1  PCB-4 PCB-19  PCB-54  PCB-104 PCB-155  PCB-188 PCB-202  PCB-206  PCB-209  



PCB-10  PCB-30/18  PCB-96 PCB-152  PCB-179  PCB-201 



ES  PCB-3 PCB-17 ES  PCB-77 PCB-150 PCB-184 PCB-204  ES  PCB-208



PCB-2  ES  PCB-15 PCB-27  PCB-77 ES  PCB-105 PCB-136  PCB-176  PCB-197  PCB-208  



PCB-3  PCB-9 PCB-24  PCB-105 PCB-145  PCB-186  PCB-200  PCB-207 



PCB-7  PCB-16  ES  PCB-81 PCB-127  PCB-178  PCB-198/199  



PCB-6 PCB-32  PCB-52 ES  PCB-153 PCB-196  



PCB-5  PCB-73 ES  PCB-114 PCB-148  ES  PCB-180 PCB-203  



PCB-8  ES  PCB-37 PCB-43 PCB-122 PCB-151/135  PCB-175  



PCB-14  PCB-34  PCB-69/49  PCB-114 PCB-154  PCB-187 ES  PCB-205



PCB-11  PCB-23 PCB-48  PCB-144  PCB-182 PCB-195  



PCB-13/12  PCB-26/29  PCB-44/47/65 ES  PCB-118 PCB-147/149  PCB-183 PCB-194  



PCB-15  PCB-25  PCB-59/62/75  PCB-118 PCB-134  PCB-185 PCB-205  



PCB-31  PCB-42  PCB-143 PCB-174  



PCB-28/20  PCB-41 ES  PCB-123 PCB-139/140 PCB-177 



PCB-21/33  PCB-71/40  PCB-103  PCB-131 PCB-181  



PCB-22  PCB-64 PCB-94 PCB-142 PCB-171/173  



PCB-36 PCB-72  PCB-95  PCB-132 PCB-172  



PCB-39 PCB-68  PCB-100/93  PCB-133 PCB-192  



PCB-38  PCB-57  PCB-102  PCB-165 PCB-180/193  



PCB-35  PCB-58  PCB-98  PCB-146 PCB-191  



PCB-37  PCB-67  PCB-88 PCB-161 



PCB-63  PCB-91 PCB-153/168 ES  PCB-170



PCB-61/70/74/76  PCB-84  PCB-141 PCB-170  



PCB-66  PCB-89  PCB-130 PCB-190  



PCB-55  PCB-121 PCB-137 



PCB-56 PCB-92  PCB-164 



PCB-60  PCB-113/90/101  PCB-163/138/129 



PCB-80  PCB-83  PCB-160 ES  PCB-189



PCB-79  PCB-99  PCB-158 PCB-189



PCB-78  PCB-112 



PCB-50/53* PCB-108/119/86/97/125/87  



PCB-45*  PCB-117  ES  PCB-156/157



PCB-51* PCB-116/85  PCB-156/157 



PCB-46* PCB-110  



PCB-81 PCB-115 ES  PCB-167



PCB-82  PCB-128/166 



PCB-111  PCB-159  



PCB-120 PCB-162  



PCB-107/124  PCB-167



PCB-109 



PCB-123 ES  PCB-169



PCB-106 PCB-169



ES  PCB-126



PCB-126



Note: Quantitation Reference for those congeners without  a Labeled Standard is based on the nearest ES @ the same level of chlorination within the same function.  



Quantitation of those congeners within a function where there is no ES  is based on the nearest ES in the other functions of that homologue . 



* Based on analytical observations  PCB's 50/53, 45,51& 46 were moved to ES 81 when the additional ES's were added.



ES/JS Quantitation References CS/JS Quantitation References
ES 188 & 202 were originally quantitated against JS 194 - based on analytical observations JS 138 was determined a better choice 



JS  PCB-9 JS  PCB-52 JS  PCB-101 JS  PCB-138 JS  PCB-194 CS  PCB-28 CS  PCB-111 CS  PCB-178
ES  PCB-1 ES  PCB-37 ES  PCB-104 ES  PCB-155 JS  PCB-52 JS  PCB-101 JS  PCB-138



ES  PCB-3 ES  PCB-54 ES  PCB-105 ES  PCB-156/157 ES  PCB-189



ES  PCB-4 ES  PCB-77 ES  PCB-114 ES  PCB-167



ES  PCB-15 ES  PCB-81 ES  PCB-118 ES  PCB-169 ES  PCB-205



ES  PCB-19 ES  PCB-123 ES  PCB-188* ES  PCB-206 SS  PCB-28 SS  PCB-111 SS  PCB-178
ES  PCB-126 ES  PCB-202* ES  PCB-208 JS  PCB-37 JS  PCB-123 JS  PCB-188



ES  PCB-209
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•                EDL = estimated detection limit (sample- and analyte-specific) 
•                ES = extraction standard (isotopically labeled standard added before the extraction) 
•                GC = gas chromatography 
•                ICAL = initial calibration 
•                ID-HRMS = comprehensive and stable isotope-dilution high-resolution mass spectrometry 
•                Ind. Val. = independent validation 
•                JS = injection standard 
•                LOD = limit of detection 
•                LOQ = limit of quantitation 
•                MB = lab method blank 
•                MDL = method detection limit (not sample-specific) 
•                M/DM = mass spectrometer resolving power 
•                MIR = Methods Innovation Rule 
•                ML = minimum level (equivalent to lowest point on the calibration curve) 
•                MS/MSD = matrix spike/matrix spike duplicate 
•                ND = not detected 
•                NELAC = National Environmental Laboratory Accreditation Conference 
•                OPR = on-going precision & recovery (equivalent to LCS or Lab Control Spike) 
•                PAH = polynuclear aromatic hydrocarbon 
•                PBMS = performance-based measurement system 
•                PCB = polychlorinated biphenyl 
•                PCDD/F = polychlorinated dibenzo-p-dioxin and dibenzofuran 
•                PD = percent difference 
•                PE = performance evaluation sample 
•                QI = quantitative interference 
•                QuanTIC = selected SVOAs by full-scan GC/MS (ID-HRMS) 
•                RCRA = Resources Recovery Act 
•                RL = reporting limit (usually represents the lowest point on the calibration curve or ML) 
•                RPD = relative percent difference 
•                RRF = relative response factor 
•                RSD = relative standard deviation 
•                RTW = retention time defining window solution 
•                SDWA = Safe Drinking Water Act 
•                SICP = selected ion current profile 
•                S/N = signal-to-noise ratio 
•                SRM = standard reference material 
•                SS = sampling standard 
•                TEQ = toxic equivalency quotient 
•                TSCA = Toxic Substances Control Act 
•                U-SVOA = ultra-semi volatile analyte (selected SVOAs by SIR by ID-HRMS) 
•                VER = continuing calibration verification (equivalent to ConCal) 
•                WHO-2 / WHO-2S = ID-HRMS assay for the 29 World Health Organization target analytes (S = serum) 
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This version contains at the end of this document, a summary of the enhanced features or modifications to the reference method and describes any changes or clarifications 
where the reference method is ambiguous or provides insufficient details. It also embodies information acquired over 29 years of experience in PCDD/Fs analyses.  



The procedures described herein are designed with pollution prevention so that they reduce the amount of hazardous substances and lower the hazards to public health. For more details 
on P2, click here for Pollution Prevention Basics. This revised version allows its presentation (i.e., ensuring hyperlinks are working outside our network environment) on a CD for review 
by EPA.  



Passages considered proprietary are highlighted in red. Should a copy of this SOP be required, the color of the font associated with the text highlighted in red should be 
changed to red before printing and allowing a copy to leave our facilities. Furthermore, indicate here the date and the purpose for this copy:  



SOP No. AP-CM-5  Revision: 12-7 Effective: 16 OCT 09 Supercedes: 05 AUG 09 
POLYCHLORINATED DIBENZO DIOXIN/FURANS



USEPA METHODs 8290, 1613, 23, 0023A & TO-9A 



Author: Yves Tondeur, Ph.D. 



Management – Yves Tondeur Date 16 OCT 09



QA Officer - Bryan Vining, Ph.D. Date 16 OCT 09 



Date:  Purpose:  



1.      PURPOSE  



1.      This procedure describes the analytical techniques used for extraction and analysis of aqueous, solid, oil, wipe, waste, air and tissue samples for polychlorinated 
dibenzo dioxins and furans (PCDD/PCDF) by EPA Methods 8290 & 1613.  



2.      SCOPE 



1.       This SOP is based on the revision of Method 8290. It is consistent with the Final Rule on the Methods Innovation Rule 40 CFR Parts 63, 268, et al.; June 14 th, 2005; pp. 
34538-34592. 



3.      APPARATUS AND MATERIALS  



1.      Autosampler  



2.      DEC Alpha Station with Opus Quan Data System. 



3.      Neslab Water Coolers. 



4.      MM Autospec Magnetic Sector High-Resolution Mass Spectrometer. 



5.      Pipet, disposable, serological, 10mL. 



6.      Amber glass bottles, 1 L (Teflon-lined screw cap). 



7.      Two –L separatory funnels. 



8.      Teflon boiling chips. 



9.      glass chromatographic columns 



10.  glass chromatographic columns  



1.      Place a glass wool plug at the bottom of the column, pack with 1g of silica gel, 4 g NaOH/silica gel, 1 g of silica gel, 8 g of H 2SO 4/silica gel, 2 g silica gel, 1 g 
Na 2SO 4.  



11.  N-Evaporator. 



12.  Conical vials, 2mL. 



13.  Glass fiber filters and glass wool plugs. 



14.  Funnels, 100 mL. 



15.  Dean-Stark Trap, condenser and flask. 



16.  Rotary Evaporator. 



17.  Round bottom flasks, 500mL. 



18.  Top-Loader Balance. 



19.  Oven. 



4.      REAGENTS, STANDARDS AND SOLVENTS  
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1.      Reagents  



1.      Sulfuric acid, concentrated.  



2.      Silica gel. Highest purity grade. 



3.      Celite 545. 



4.      Water, distilled. 



5.      Florisil.  



6.      Prepurified nitrogen gas. 



7.      Anhydrous sodium sulfate. 



8.      Sodium Hydroxide. Highest available purity. 



2.      Solvents  



1.      Methylene chloride. Highest available purity. 



2.      Hexane. Highest available purity. 



3.      Tetradecane. Highest available purity. 



4.      Acetone. Highest available purity. 



5.      Methanol. Highest available purity. 



3.      Standards  



1.      Analytical standards (Cambridge Isotope Laboratory, Wooburn, MA). 



5.      System Performance  



1.      An initial calibration curve is created to demonstrate the linearity of the HRMS system over the calibration range. An initial calibration is repeated once a year, whenever a 
new set of spiking calibration standards are created or whenever the continuing calibration falls outside the acceptance criteria. To help with the quantitations of high- level 
samples, a secondary ICAL (concept under evaluation) is available whereby the ES concentrations are 20 times lower compared to the primary ICAL. The secondary 
ICAL provides RRFs for analytes requiring 20-fold dilutions. 



2.      ICAL establishes the operating conditions necessary to meet the relative retention time specifications specified in EPA Method 8290/1613. The percent RSD for the mean 
response factors must be within ± 10 percent for the native standards and within ± 20 percent for extraction standards. Note that these requirements are more stringent than 
Method 8290 or Method 1613’s tolerance windows. In addition, the RRFs must remain within 20 percent of the historical values. All S/N must be at least 10:1. Ion-
abundance ratios must be within the 15 percent window of the theoretical ratios. The ICAL used for analytes is summarized in Table 2A.  



1.      Inject the reference compound perfluorokerosene (PFK). PFK provides the required lock masses and is used for tuning the mass spectrometer.  



2.      The lock-mass ion from PFK is dependent on the masses of the ions monitored within each descriptor. Each descriptor will be monitored in succession as a 
function of GC retention time to ensure that all PCDD/PCDFs are detected.  



3.      An appropriate QC Check Ion will be monitored for each mass descriptor and shall be used to monitor system performance throughout the respective retention time 
windows. Specific situations where “deflections” are detected are evaluated on a case-by-case basis with emphasis on the impact on the reliability of the analyte 
data.  



3.      The instrument is tuned to the minimum required resolving power of 10,000 (10 percent valley or 5 percent crossing over) at an appropriate reference signal close to the 
masses of interests. Document the resolving power using the mass peak profile display. The latter is obtained at the beginning and the end of each analytical sequence of 
12 hours or less.  



4.      Using the same operating conditions as established for the ICAL, inject 1 mL of the batch control spike (BCS3). It is a QC sample used for true-stable isotope-dilution 
GC/MS methodologies to ensure the reliability and accuracy (bias and precision) of the determinations.   The BCS3 is prepared at the same concentration as the CS3 of the 
ICAL. 



1.      It is a new concept introduced to, not only, enhance the accuracy of the measurements, but to provide a basis for assigning an uncertainty to each measurements 
(Note: this is limited to the measurement step because it does not directly address the sampling errors), and abridge the level of effort involved in the 
documentation of the system’s performance (i.e., what used to require three separate analyses are now combined into one).  



It is prepared—inside a 4oz. glass jar—in stages at the same time as the batch of field samples; i.e., at each phase involving the addition of the ES, CS or AS, JS to 
the samples. For air matrices, the BCS3 is initiated at the same instant as the XAD/PUF cartridges are prepared for sampling. The NS must originate from an 
independent source.  



One BCS3 per batch of 20 samples or less -- regardless of the matrix type – is going through the same spiking scheme with the same spiking solutions, same 
analyst, same delivery system, and at the same time as the field samples. It is the laboratory’s responsibility to ensure sufficient BCS3s are prepared to provide 
front- and back-end calibration verifications for all the samples as well as re-injections when necessary. For air samples returning with multiple trap preparations 
for a given project, select one of the BCS3 (i.e., the one representing the largest number of traps) and use it to verify calibration (PD) and stability (RPD). However, 
use the ICAL RRFs to process all the samples associated with such project if it can be determined that the data reliability is not adversely affected. The laboratory 
will make every effort to communicate to the stack-sampling firm the significance of the trap preparation in light of the QA/QC.  
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The BCS3 is then analyzed at the beginning and at the end of a NTE 12-H analytical sequence during which samples are analyzed.  



In order to use the front- and back-end BCS3s averaged RRFs to process the samples, the individual front- and back-end RRFs need to meet a number of 
requirements (independent verification, RPD, and PD or bias).  



The following criteria for the BCS3 need to be met:
 



1.      The first and last PCDD/F eluters are verified to be within the eight homologue retention time windows. 



2.      The signal to noise ratio (S/N) exceeds 10:1 for all ions monitored, 



3.      The ion abundance ratio measurements are within ± 15 percent of the theoretical ratio, 



4.      The Ax solution should be verified against an independent source. The maximum allowable difference for the “intra-source product area” ratios (vide infra) 
for the unlabeled compound’s RRFs is +20 percent (from the laboratory normal source) relative to the ES (from an independent source). This verification 
should be performed every time a new set of ICAL solutions and new sets of spiking solutions (ES, CS/SS, JS, NS) are prepared from new primary stock 
standards with a minimum of one verification per year. 



5.      The ES solution should be verified against an independent source. The maximum allowable difference for the “intra-source product area” ratios (vide infra) 
for the unlabeled compound’s RRFs is +20 percent (from an independent source) relative to the ES (from the laboratory normal source). This verification 
should be performed every time a new set of ICAL solutions and new sets of spiking solutions (ES, CS/SS, JS, Ax) are prepared from new primary stock 
standards with a minimum of one verification per year. 



6.      More specifically, it is necessary for the “intra-source product area” ratio below to range from 0.8 to 1.20.  



 
where 



= the area of the unlabeled analyte from the laboratory 
source  



= the area of the labeled extraction standard from the 
laboratory source  



= the area of the unlabeled analyte from the independent 
source  



= the area of the labeled extraction standard from the 
independent source  



is equal to 1 when the concentrations of the respective analytes 
are the same between the independent and laboratory sources; the 
appropriate factor should be applied for situations whereby the 
concentrations of the respective analytes are different.  



NOTE: It is highly recommended that the above mixtures be prepared in the 
same solvent and analyzed under the same GC/MS conditions.  



NOTE: Intra-source product area ratios only apply to analytes for which 
matching standards are available between the laboratory and independent 
sources.  



 
Similarly, for air samples, it is necessary for the “intra-source product area” 
ratio below to range from 0.7 to 1.30.  



 
where 



A = the area of the sampling standard from the laboratory 
source  



= the area of the labeled extraction standard from the 
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7.      The RPDs between the front- and back-end BCS3s should remain within the limits summarized in the Table Inserts. The RRFs Percent Differences (PD) 
relative to the ICAL should remain within the limits summarized in the Table Inserts. The addition of both NS and ES should be performed using the same 
technique and the same volume. That way, any systematic error associated with the ES (within acceptable limits as defined herein) will “ratio out” when the 
two BCS3 calibration analyses are used to compute the analyte concentrations in the samples. By using this approach, the accuracy of the measurements is 
superior to the traditional approaches. It is also a benefit that flows directly from true stable isotope-dilution GC/MS, which until now was regrettably 
ignored. 
 
The RPDs between the front- and back-end BCS3s should remain within:  



                  Ten percent for the unlabeled compounds 



                      Twenty percent for the labeled compounds 



1.      For air samples where a split factor is involved, i.e., the sample extract is split and a portion is archived as backup, the BCS3 is not subjected to an actual 
physical division. The latter is simulated by the addition of an appropriate volume of the same solvent as for the ICAL and the samples (e.g., if the split 
factor is 2, then, the BCS3 needs to be diluted two fold before analysis to allow the analytes to be at the same concentration as for the ICAL CS3).  



For air samples, the BCS3 is initiated at the same time as the preparation of the air sampling modules before the sampling session. To that effect, the same 
amount of the Sampling Standards is added to a vial, which is kept in the laboratory at room temperature and away from light. The corresponding Lab 
Method Blank prepared with the same batch of sorbent and spiking solution (i.e., 40 g XAD-2 resin, or PUF) is kept refrigerated.  



At the beginning and end of each 12-hour period during which samples are analyzed, an aliquot of the BCS3 is analyzed to demonstrate adequate GC 
resolution and sensitivity, response factor reproducibility, to establish the PCDD/PCDF retention time windows and isomer-specificities, and to validate the 
standards and the spiking technique.  



As defined above, the criteria for an acceptable BCS3 are summarized in the table inserts below. When the BCS3 fails, it is important to discern the 
following:  



         The fundamental objective of the BCS3 is to “validate” the standard solutions and spiking technique and the RRFs used to quantitatively 
characterize the analytes in the samples at the time the standards are used to prepare and analyze the samples. They are four types of standards 
involved in the preparation of the BCS3 that provide various probes into assessing this “validation” procedure. They are the NS (symbolized as A x 
in expressions or tables), ES, SS or CS, and JS. The question becomes how can one “extract” the information needed to complete the validation, or 
how does one “filter” out the irrelevant information to help with the distinction between a critical error and a minor one. A critical error means 
erroneous data resulting from a seriously flawed spiking technique (e.g., wrong amount of ES added under the OPR/LCS/ICAL system, or the NS 
under the BCS3 system) while other minor errors can provide useful information or feedback on the measurement step (e.g., instrumentation 
variation). The interpretation of the information obtained from the analysis of the BCS3 is best handled when done contextually. This analytical 
protocol does not claim that it offers a comprehensive analysis but merely puts forward guidelines to help the analyst in assessing the quality and 
reliability of the data.  



         A failure on the “PD” requirements may be indicative of an instrumentation difficulty or spiking error. The latter can be of Level PD-1 (i.e., at the 
standard solution level) or Level PD-2 (i.e., at the spiking operation level). A third Level PD-3 is associated with instrumentation. An error at the NS 
standard solution level (Level PD-1) constitutes, under the BCS3 system, the most serious failure and requires that a new set of standard solutions be 
prepared, independently validated (vide infra, intra-source ratio study) before repeating the sample extraction and analysis, if called for by the 
decision flow chart (“Thinking Method”). Note that the decision flow charts make a distinction between short- and long-term actions. When 
appropriate, a new initial calibration may be required before analyzing the BCS3 and the samples. However, if the error is a Level PD-2 error, a re-



laboratory source  



= the area of the sampling standard from the independent 
source  



= the area of the labeled extraction standard from the 
independent source  



is equal to 1 when the concentrations of the respective analytes 
are the same between the independent and laboratory sources; the 
appropriate factor should be applied for situations whereby the 
concentrations of the respective analytes are different.  



NOTE: When the SS are used as cleanup standards for non-air matrices, replace 
SS by CS and ES by JS in the expression above.  



The RRFs Percent Differences (PD) relative to the ICAL should 
remain within  
                                                                                                         Twenty percent for the unlabeled 



compounds  
                                                                                                         Thirty percent for the labeled ES 



compounds  
                                                                                                         Twenty percent for air’s labeled SS, and  
                                                                                                         Thirty percent for non air’s labeled CS 



compounds  
                                                                                                         Other requirements are shown in Table 



Insert 1 and Table Insert 2.  
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extraction and analysis is the most suitable action after correcting the flawed spiking technique. As customarily done, a new BCS3 is prepared with a 
Level PD-2 error. Here again, the decision flow charts should be used since the text herein is only for illustration purposes. Distinction between 
Levels PD-1 and PD-2 can be accomplished contextually by examination of the initial independent validation study and control charts (showing for 
instance a trend suggesting a degradation of the ES solution), behavior over time charts, and/or using the matrices shown in Table Inserts 3 or 4. The 
Level PD-3 error is associated with instrumentation when an out-of-calibration situation is present or a temporary or localized instrumentation 
variation is operative. Depending on the severity of the Level PD-3 error, a new calibration (either ICAL or rerunning the BCS3 and all the affected 
samples) following a new “tuning” of the instrumentation may be required (see Decision Flow Charts for “Thinking Method”).  



         A failure on the “RPD” requirements may be indicative of instrumentation instability or inability to sustain the instrumentation’s performance over 
a 12-H period. Again, two levels are possible. Level RPD-1 is strictly associated with instrumentation difficulties that are unrelated to the samples 
under analysis. A re-analysis (i.e., re-injection) of the BCS3 and of the samples can be considered as a corrective action after correction of the 
source of the instrumentation’s shortfall (see Decision Flow Charts for “Thinking Method”). If however, the re-analysis of the BCS3 fails again, and 
there are indications that the spiking procedure is questionable (Level PD-1 or PD-2), the associated extraction batch must undergo re-extraction and 
analysis with the preparation of a new associated BCS3 as discussed above for the BCS3 PD deviations. A Level RPD-2 BCS3 failure may be found 
with the analysis of samples presenting special challenges (i.e., highly complex matrices that do not cleanup well under the various options offered 
by this protocol). Depending on the severity of the deviation, additional cleanup or other appropriate actions may be required before re-analysis of 
the samples and associated BCS3. If such action proves to be ineffective, the data should be qualified accordingly.  



         A “ PD” failure for 2,3,7,8-TCDD and/or 2,3,7,8-TCDF results in the inability to reliably quantify 2,3,7,8-TCDD/F until proper corrective action is 
implemented (e.g., following GC column maintenance). When the corrective action involves a different liquid phase, the correct BCS3 is used to 
demonstrate adequate performance. Note that the laboratory is encouraged to adopt a similar stance for 1,2,3,7,8-PeCDD and 2,3,4,7,8-PeCDF (or 
any other 2,3,7,8-subtituted congeners, which significantly contributes to the TEQ). 



         The BCS3 “PD Requirements” are summarized in the four table inserts below. In addition to the traditional RRFs, another set of “pseudo-RRFs” is 
computed from the BCS3 data to help with the validation of the ES and RRFs used to report the sample analytes. The pseudo-RRFs are used to 
further differentiate the various “A” to “C” types PD Requirements. Use Table Insert 3 (non air) or Table Insert 4 (air) for departing-from-the-norm 
groups of analytes (e.g., all 17 A x or the five SS show a deviation similar in “sign” and “amplitude”). It is also recommended to examine the data 
contextually (e.g., using QC charts)  



5.        



  



Table Insert 1: 



Batch CS3 PD Requirements 
 



Based on Traditional RRFs  



(“A” to “C”Types)  



Type  Analytes  Requirement Failure Possible 
Causea,b  



Failure Level Suggested  



Corrective Action  
A  AX vs ES + 20%  1. Calibration out  



2. Spiking error  



              PD-3  
              PD-1/PD-2  



            New Calibration  
            New 



Standards/New 
Extraction  



      
B  ES vs JS + 30% non air 



+ 30% for air c



1. Calibration out 



2. Spiking error  



              PD-3 
              PD-1/PD-2  



            New Calibration  
            New 



Standards/New 
Extraction  



      
C1 CS vs JS  + 30% 1. Calibration out 



2. Spiking error 



              PD-3 
              PD-1/PD-2 



            New Calibration  
            Affects other Types 



      
C2 SS vs ES  



(air)  



+ 20% 1. Calibration out 



2. Spiking error  



              PD-3 
              PD-1/PD-2  



            New Calibration  
            New 



Standards/New 
Extraction/New 
Samplingd 



a.    Calibration out = usually when one (localized) or several/all analytes are affected; 
instrumental source.  
b.   Spiking error = when all analytes are affected with the same “sign” and “amplitude”; 
must be considered contextually; i.e., using historical data or other information on the 
set of standards such as the “pseudo-RRFs”. Situations when selected analytes degrade 
are rare but should not be excluded from consideration.  
c.   By design for air matrices, the amounts of ES and JS added during the preparation of 
the Batch CS 3 are different. Thus, an additional error is introduced, which can deceive 
the analyst’s interpretation. In this case, the QC emphasis is shifted towards the “C2” 
type PD requirement.  
d.   Because of the nature of an “air” sample, there is no additional sample volume 
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available to repeat the extraction. The laboratory is required to qualify the data by 
estimating and documenting accordingly the “error” associated with the reported 
measurements. If such documentation is not possible, and/or the information points 
toward a seriously flawed ES addition (as opposed to a spiking error associated with the 
SS), the data can be rejected and re-sampling efforts may be necessary. See the “Air 
Spiking Related Error Matrix” tables for an alternative approach whereby the Ax vs SS 
RRFs are used to determine the analyte’s concentrations (Table Insert 4).  
  



  



a.   Pseudo-RRFs are limited to analytes, for which an analogous/homologous standard 
is available:  



                      2,3,7,8-TCDD (Ax) vs13C12-1,2,3,4-TCDD (JS)  



                      2,3,4,7,8-PeCDF (Ax) vs13C12-1,2,3,4,6-PeCDF (CS)  



                      13 C 12-1,2,3,7,8-PeCDD (ES) vs13C12-1,2,3,4,7-PeCDD (CS)  



                      Do not consider pairs such as OCDD (Ax) vs13C12-1,2,3,4,6,8,9-HpCDF (SS) 



or13C12-1,2,3,4,7-PeCDD (CS or SS) vs13C12-1,2,3,4,6,7-HxCDD (JS)  



Table Insert 2 :  



Batch CS3 PD Requirements 
 



Based on Pseudo-RRFs  



(“D” to “G”Types)  



Type Analytesa Requirement 
D Ax vs CS/SS +/- 25% 



E1 Ax vs JS 



(non air) 



+/- 35% 



E2 Ax vs JS 



(air)



+/- 35% 



F1 ES vs CS 



(non air) 



+/- 20% 



G2 SS vs JS 



(air)



+/- 50% 



“PD Requirements Decision Matrix” – Normal Configuration  
(use BCS3 RRFs)  



“PD Requirements Decision Matrix” – Defective Ax Spiking = Fatal
 



(If Ax spiking is shown to be in error, and if no additional or replacement sample is 
available, use ICAL RRFs if CS3 is acceptable)  



Table Insert 3:  



“Non-Air” Spiking Related PD Errors  



(departing-from-the-norm group of analytes)



  Ax ES CS JS 
Ax - Y Y Y 
ES  - - Y Y 
CS  - - - Y 
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“PD Requirements Decision Matrix” – Defective JS Spiking  
(use BCS3 RRFs)  



percent recovery measurements for CS & ES affected, not the analytes  



“PD Requirements Decision Matrix” – Defective CS Spiking  
(use BCS3 RRFs)  



percent recovery measurements for CS affected, not the analytes  



“PD Requirements Decision Matrix” – Defective ES Spiking  
(use BSC3 RRFs; see Levels PD-1 or PD-2)  



  Ax ES CS JS 
Ax  - N N N 
ES  - - Y Y 
CS  - - - Y 



  Ax ES CS JS 
Ax  - Y Y N 
ES  - - Y N 
CS  - - - N 



  Ax ES CS JS 
Ax  - Y N Y 
ES  - - N Y 
CS  - - - N 



  Ax ES CS JS 
Ax  - N Y Y 
ES  - - N N 
CS  - - - Y 



“PD Requirements Decision Matrix” – Normal Configuration  
(use BCS3 RRFs)  



“PD Requirements Decision Matrix” – Defective Ax Spiking = Fatal
 



(If Ax spiking is shown to be in error, and if no additional or replacement)  



“PD Requirements Decision Matrix” – Defective JS Spiking  
(use BCS3 RRFs)  



percent recovery measurements for ES affected, not the analytes or the SS  



“PD Requirements Decision Matrix” – Defective SS Spiking  
(use BCS3 RRFs)  



percent recovery measurements for SS affected, not the analytes  



Table Insert 4:  



“Air” Spiking Related PD Errors  



(departing-from-the-norm group of analytes)



  Ax ES SS JS 
Ax  - Y Y Y 
ES  - - Y Y 
SS  - - - Y 



  Ax ES SS JS 
Ax  - N N N 
ES  - - Y Y 
SS  - - - Y 



  Ax ES SS JS 
Ax  - Y Y N 
ES  - - Y N 
SS  - - - N 



  Ax ES SS JS 



Page 7 of 23Untitled Document



10/22/2009file://Z:\Procedures\SOP MAIN\pages\AP\APCM\8290B.htm



CONFIDENTIAL BUSINESS INFORMATION











  



“PD Requirements Decision Matrix” – Defective ES Spiking  
(use BCS3 RRFs; see Levels PD-1 or PD-2; for air samples only, consider using 



the Ax vs SS RRFs)  



  



Ax  - Y N Y 
ES  - - N Y 
SS  - - - N 



  Ax ES SS JS 
Ax  - N Y Y 
ES  - - N N 
SS  - - - Y 



Decision Flow Charts for “Thinking Method”  
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1.      Cleanup Calibrator  



1.      The purpose of the Cleanup Calibrator QC sample is to verify the ability of recovering all the PCDD/Fs rather than just the seventeen 2,3,7,8-substituted 
congeners. The Cleanup Calibrator authenticates the fractionation procedure in a similar way GPC separations are calibrated—not only for the seventeen 2,3,7,8-
substituted PCDD/F congeners, but also for the first and last eluters of each homologue group as well as the total homologue groups. 



2.      Because the fractionation procedure is what really needs to be monitored, this new type of QC sample is used for procedures sharing a common fractionation 
backbone. 



3.      There are a number of viable options that can be followed for the preparation of the Cleanup Calibrator solution:  



1.      Acquire from commercial sources a mixture containing the 136 PCDD/F tetra- through octachlorinated congeners  



2.      Acquire internally by extracting—without the addition of the ES/CS/JS—an ash sample showing the charateristic “combustion” PCDD/F pattern or 
fingerprint  



3.      Extract and analyze an independent performance evaluation sample containing all the PCDD/F congeners (e.g., M8290B PE samples; M23 audit samples).  



4.      If available, acquire from commercial sources the carbon-13 labeled analogues of the first and last eluting PCDD/F congeners, which can be added to every 
sample undergoing extraction and analysis. While it is recognized that this option only aims at the window defining components, and assumes a similar 
chromatographic behavior for the analytes on a GC column and a cleanup column, it offers the assurance of recovering “all” the target compounds on a per 
sample basis 



4.      In order to verify that no selective losses or significant distortions of the PCDD/F pattern occur during the fractionation, each inclusive fractionation methodology 
adopted by the laboratory must be validated at the start (as part of the initial demonstration of performance), once a year (as part of the MDL or the analysis of a 
suitable PE sample) and whenever a change in the procedure is implemented during which there is a reasonable possibility for selective losses. To that effect, treat 
the “ash extract” (or the cleanup calibrator solution) as a sample extract by adding the ES and subject the spiked extract to the cleanup steps, followed by the 
analysis. Note that, when a suitable PE sample is used, the results for all 17 2,3,7,8-substituted congeners as well as each of the eight homologue group totals and 
the first/last eluting congeners should be rated with the help of this analytical protocol’s guidelines. 



5.      The “Cleanup Calibrator” concept should be considered and extended to the validation of new extraction techniques particularly when there is a potential for 
“selective extraction” of PCDD/F congeners (e.g., solid phase extractions when affinities of PCDD/F congeners play a critical role). In other words, the self-
referential principle dictates that an alternate extraction technique is validated when it can be demonstrated that no “selective losses” occurred under ther most 
challenging conditions. The validation of an extraction and/or cleanup procedure that is used “routinely” should not be limited to the seventeen 2,3,7,8-substituted 
congeners. 



6.      Acceptance criteria should be consistent with allowed variations of the RRFs within the initial and continuing calibrations (i.e., 25 percent RPD for the 2,3,7,8-
substituted congeners and up to 35 percent RPD for the non specific congeners between the new/alternate and the previously validated approach’s results). The 
comparison is conducted with the data obtained during the initial demonstration of peformance (e.g., PE sample; or using the “traditional” cleanup procedure).  



7.      Signs of departures from the norm should be monitored on a daily basis by carefully reviewing the raw data, in particular the SICPs, for distorted patterns (i.e., 
distribution of the various isomers within an homologue group does not match expectations or experience).  



2.      Duplicate Analyses (optional)  
 
Ideally, to be meaningful and of value, a duplicate sample is submitted to the laboratory in a blind fashion. This way, their role is not limited to assessing the performance 
of the analytical aspects but as a whole, the sampling aspects as well. However, should the scope of the particular work requires the laboratory to select a sample as a 
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duplicate, then the results of the laboratory duplicates (concentrations of 2,3,7,8-substituted PCDD/PCDF compounds) should agree within 25 percent relative difference 
(difference expressed as percentage of the mean) for analytes with a concentration within the calibration curve.  



3.      Laboratory Method Blank  
 
For a given matrix (i.e., non-biological solid, aqueous, biological tissue, air) a minimum of one Laboratory Method Blank (LMB; mandatory) per batch of 20 samples or 
less is prepared following the exact same steps as the samples using the same reagents and standards. As part of good laboratory practices, it is recommended that the LMB 
be extracted on a different extraction position from one batch to the other by tracking and recording the extraction position number of the LMB as well as the associated 
samples. Similarly when using automated sample fractionation techniques, rotate the position of the LMB from batch to batch, and record that information. For reporting 
the results, always use the same units and the lowest sample volume or weight from the field samples. Note that, for air samples, the LMB is prepared at the same moment, 
using the same batch of sorbent materials, spiking solutions and technique, and by the same personnel who prepared the sampling modules before the sampling session.  



6.      QUALITY CONTROL  



1.      Method Blank (MB): Method blank is a sand, Hydromatrix TM, Na 2SO 4 or distilled water preparation that is free of native analytes that has been prepared and analyzed 
using the same procedures followed for the rest of the analytical batch. For air samples, the MB is resin or PUF prepared from the same batch used for the field samples. 
The MB is kept in house at 4 0 C until the field samples are returned.  



1.      A method blank is run with every analytical batch or 20 samples (whichever is less) per matrix type. 



2.      For the determination of native 2,3,7,8-substituted congeners, the levels measured in the method blank must be less than the method quantitation limit or ten times 
lower than the concentration found in any sample within the analytical batch. 



3.      All samples within an analytical batch are re-extracted and analyzed if the method blank associated with that batch does not meet the criteria described above. 



2.      On-Going Precision & Accuracy (OPR = LCS): Applicable only to true 1613 assays. This redundant and useless laboratory control sample is prepared by adding a known 
quantity of native standards to a matrix and is supposedly used to assess method performance (precision and accuracy). One OPR is analyzed per matrix.  



1.      A known amount of native PCDD/Fs is used for spiking. 



2.      The OPR of each native isomer should have a relative percent difference as per Method 1613, which defines the tolerance windows that must be met. 



3.      Extraction standard recoveries should range between Method 1613’s tolerances. 



4.      If the Extraction Standard recovery of an isomer in the OPR and the associated sample(s) is also out of the range, the sample and the OPR will be re-extracted and 
analyzed. 



5.      It is AP’s policy to develop a database of sample projects where both the OPR and the BCS3 are analyzed for M1613 samples. Once the Laboratory Director has 
determined that such information has been obtained, then, any project completed under M1613 where an OPR is required will NOT have a BCS3. Only those 
projects not requiring an OPR will be processed and analyzed under the BCS3 system. Furthermore, when an OPR is required, only a CS3 – spiked with the usual 
isomeric interferences and the first and last eluters – will be analyzed at the beginning of the sequence. No ending CS3 will be done when OPR is required. 



3.      Matrix Spike (MS/MSD): Again, this redundant and useless sample is prepared by adding a known quantity of native standards to a sample matrix before the extraction. 
These are normally done upon request and are considered as billable because we do not believe that there are of any value. Our procedures call for the use of all labeled 
compounds. Thus, each sample is in fact a matrix spike in itself. MS/MSD samples under isotope-dilution MS do not add any value to the assessment of the system’s 
performance.  



1.      A known amount of native PCDD/Fs is used for spiking. 



2.      The relative percent difference between MS/MSD samples should be £20 percent provided the matrix used does not contain PCDD/Fs at levels impairing the 
measurements. Limits are based on the variances that are typically allowed with the methods’ relative response factors. 



4.      Duplicate Samples: Duplicate samples are two separate aliquots taken from the same source. Duplicate samples are analyzed independently to assess laboratory precision.  



1.      If the relative percent difference from duplicate sample analyses is greater than 50 percent, then both duplicate samples and the affected batch of samples will be 
reanalyzed. 



7.      COLLECTION, PRESERVATION, AND HANDLING  



1.      Amber glass bottles and jars must be used for collection. 



2.      Fish tissue is stored at -20 ° C, all other samples are stored at 4 ° C, extracted within 30 days and completely analyzed within 45 days of extraction 
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8.      EXTRACTION AND CLEANUP PROCEDURES  



1.      Extraction  



1.      Determine the percent solids on all samples the day before, except for oil. Weigh out an appropriate weight or volume, dry overnight in 110 °C oven and re-weigh. 



2.      All samples are extracted on a wet weight basis. For solid samples, adjust the sample amount for extraction to yield a 10-g equivalent dry weight based on the 
percent solids. 



3.      In general, if samples are "dirty" or samples contain oil or fuel oil, all cleanup steps may be required. 



4.      Add the Extraction Standards and native spike (A x) as described in the sample path forms. When appropriate use 1 mL of acetone for spiking. 



5.      Aqueous or Effluent Samples: If the sample contains >1.0 percent solids, treat the sample as a solid (i.e., isolate a cake). Aliquot an amount of the aqueous sample 
that will yield a 10-g dry weight equivalent. Filter this aliquot thru a 1.0 mm filter using the filtering setup. Transfer the filter and cake inside the thimble. Spike the 
appropriate standards using acetone as a carrier. Add 10 g Hydromatrix TM and mix the solids from the filter through the Hydromatrix TM. If solids are still 
present in the water phase filter the water through 0.7 mm and 0.45 mm filters removing and placing them in the same glass thimble. This insures a complete 
recovery of the 10-g dry weight equivalent. 
 
If the solid load is less than 1.0 percent, the sample may be extracted using the TALEX, CLL , or the SPE-C approaches. The details for these procedures are given 
in the AP-SP-E analytical procedures. The decision to follow one particular approach over the others is dictated by the client’s requirements, the type of samples 
undergoing analysis, and the expertise of the laboratory Director. 



 



Sample Preparation Flow Chart for Air Matrices 



 



Sample Analysis Flow Chart 
(example given for air matrices) 
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Note: All paper mill effluent samples should be filtered, the isolated solids extracted by SPE and SDS. 



6.      Solid or Waste Samples: Add 10 g of sample directly into an 8oz jar, spike in acetone, mix sample well, mix with Hydromatrix TM. Soxhlet/Dean Stark extract for 
16 hours with toluene (250 mL C 14). Proceed with appropriate cleanup procedures described in section 8.2.  



1.      To separate phases of wet ( >25 percent water) soil, sediment or paper samples, a Soxhlet/Dean Stark extractor system may be used with toluene as the 
solvent. 



7.      Oil Samples: Dilute the sample with 50 mL of hexane. Proceed with appropriate cleanup procedures described in section 8.2. 



8.      Air Samples: Each sample is usually comprised of a filter, a XAD-2 resin trap, solvent rinses. (Note: aqueous impinger contents and catch for samples are part of 
CARB Methods 428 & 429.) Samples being prepared by EPA Method 23 are comprised of a filter, a XAD-2 resin trap, solvent rinses and the toluene rinse, which 
is prepared separately if requested. Method 0023A requires the filter/front half and the XAD-2 resin trap/back half to be extracted separately and analyzed by 
Method 8290. For ambient air samples, a PUF and filter combination is typical.  



1.      Filter and XAD-2 resin trap should be photographed together for documentation purposes prior to combination (Method 23). Line up components next to 
the corresponding thimbles and take a group photograph, and then take a photograph of each sample’s components immediately before combining into the 
thimble.  



2.      Combine resin and filter in a SDS extractor. Use glass thimbles in lieu of cellulosic thimbles. Cellulose thimbles are known to react with chlorine 
leaching out of the resin from high-chlorine sources to form 2,3,7,8-TCDF.  



3.      Concentrate the rinses to less than 5 mL using a rotovap or by other appropriate means. Add concentrated solvent rinses to resin/filter portion in thimble . 
An alternative for concentrating probe rinses consists of adding 50-100 m L of tetradecane to each container. Remove the cap and keep it in front 
of the container until it is time to cover the container. Make sure that all containers are properly labeled before initiating the concentration. Allow 
the solvent to evaporate inside the hood for 24 H or so. Do not allow the evaporation to go beyond “dryness” for extended periods of time (i.e., 36 H 
or more) and do not perform activities inside the hood that could contaminate the samples. Ideally, this is carried out during the nighttime. Use the 
rotovap when time is of essence.  



4.      Into the thimble, spike the appropriate amount, as indicated on the sample path tracking sheets of 23 D/F Extraction Standards. Place extractor atop of a 
500-mL round-bottom flask containing Teflon TM boiling chips, and 350 to 400 mL of toluene. 



5.      Place a glasswool plug into the thimble on top of the resin. Assemble the entire SDS apparatus to the condenser and place upon heating mantle. Turn on the 
heating units, cooling water and set temperature for toluene to boil. Allow refluxing for 16 hours at the rate of 3 cycles per hour.  



6.      Before turning off the heaters, allow the toluene to drain from the Dean-Stark arm directly inside a waste bottle. Distill off the toluene until you 
reach a volume of about 50 mL inside the boiling flask. Once the unit is cooled, add the Alternate Standard. Split the sample in half and further 
concentrate the residue. Proceed to Clean-up.  



7.      Splitting: Transfer the extract residue with hexane inside a calibrated 15-mL centrifuge tube. Use a total of 12 mL and divide the sample extract in half 
unless otherwise noted on the process sheet. Store at room temperature the archived portion in the centrifuge tube with a Teflon TM-lined screw top.  



9.      Tissue Samples: Tissue samples are ground and homogenized. Others can be used as such.  



1.      Grind fish using the Hobart meat grinder. Collect the ground tissue directly on cleaned aluminum foil.  



2.      Using Tissuemizer blend meat into a creamy paste consistency.  



3.      Using a spatula, mix well.  



4.      Place two 25-g aliquots of the ground tissue inside two 4-oz jars, label the jars and store in a freezer.  



5.      Aliquot another 25 g for analysis or on such requested occasions, aliquot 75 g.  



6.      Fortify directly on matrix using acetone as the carrier.  



7.      Mix with 20-25 g of Hydromatrix TM , stir until a dry, free-flowing consistency is achieved, adding more Hydromatrix TM as needed, careful not to exceed 
an amount that can fit into the acid thimble for 25-g sample sizes. Place the mixture on top of a layer of acid-coated silica gel inside a glass thimble for 
the pre-cleanup step (vide infra). The amount of acid-coated silica gel is dependent on the lipids contents. Typically, 50 g are used. Prime the acid-
coated silica the day before with hexane.  



8.      For 75-g samples , the acid thimble is not used. The sample is extracted as is with Hydromatrix TM and the oversized extraction setup is used in this case 
to ensure that enough solvent is used and that there is enough room in the thimble to allow for proper extraction of the sample.  



9.      Spike each extraction cell with the appropriate Extraction Standards.  



10.  Soxhlet Dean-Stark using hexane for 16 H. For the rare 75-g samples, however, a mixture of 30% Acetone and 70% Toluene should be used rather than 
Hexane. Again this is to ensure a proper extraction is achieved! Note that when PCBs are extracted as well as PCDD/Fs, the solvent mixture is hexane – 
acetone (1:1). In case the tissue contains sediment particles, it is recommended to follow the hexane-acetone extraction with a toluene-acetone extraction. 
Whenever a 75-g sample is extracted, the extraction time is extended from 16 H to 60 H.  



11.  Concentrate the extract utilizing the SDS down to ~100 mL then finish the concentration on the Rotovap  



12.  Add the CS.  



13.  ASECS (sample extract using SOP AP-SP-CU1 current revision). 



The section below was, during a recent revision of our SOPs, inserted in the SOP for Homogenization, which should be limited to 
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2.      Cleanups (note: refer to specific SOPs for the latest version; this Core Method SOP may not contain the same level of details).  



1.      If not done, add the Cleanup Standards. Rotoevap to C14. Proceed to first cleanup. 
 



2.      ABP-Acid/base partitioning ("dirty" samples only)  



1.      Add 10 mL of hexane to extract in round bottom. 



2.      Add 40 mL of concentrated H2SO4 into separatory funnel. Add extract. Rinse round bottom with 2 times 10 ml of Hexane and add to separatory funnel. 
Shake for 2 minutes with periodic venting, allow the layers to separate for a minimum of 5 minutes and discard acid layer. Repeat with 40 mL of fresh acid 
up to 4 times or when the hexane becomes clear and colorless. Add 40 mL of distilled water into separatory funnel containing sample. Shake and discard. 
Add 40 mL of 1.0N NaOH into separatory funnel containing sample. Shake and discard. Add 40 mL of distilled water into separatory funnel containing 
sample. Shake and discard.  



3.      Pass hexane extract through Na2SO4, then roto-evap to C14. Proceed to the next cleanup procedure.
 



4.      Acid/Base Silica Column (see SOP AP-SP-CU1 current revision)  



5.      Florisil Column (see SOP AP-SP-CU1 current revision)  



9.      GC/MS ANALYSIS  



1.      Establish the necessary operating conditions. The following GC operating conditions are for guidance and adjustments may be required.  



1.        Injector temperature: 



Interface temperature:  



Initial time:  



Temperature program:  



270° 



200 °C 



2 minutes 



200 to 220 ° C, at 5 ° C/min 



220 ° C for 16 minutes  



220 to 235 ° C, at 5 ° C/min  



235 ° C for 7 minutes  



235 to 330 ° C, at 5 ° C/min  
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2.      The reference compound perfluorokerosene (PFK) provides the required lock masses and is used for tuning the mass spectrometer.  



1.      The lock-mass ion from PFK is dependent on the masses of the ions monitored within each descriptor. Each descriptor will be monitored in succession as a 
function of GC retention time to ensure that all PCDD/PCDFs are detected. 



2.      An appropriate lock mass will be monitored for each descriptor and shall not vary by more than ±20 percent throughout the respective retention time 
window. 



3.      The mass resolution check is achieved before any analysis is performed and at the end of each 12-hour shift.  



3.      Set up the analytical run following this sequential injection pattern: CPSM-CS3, Solvent Blank, Method Blank, Samples, OPR, or BCS3, Solvent Blank, Samples, 
BCS3.  (The solvent blank spiked is spiked at a concentration of 1 pg/µL. 



4.      Continuing Calibration  



1.      Follow the BCS3 requirements. When true 1613 requirements are required, follow the procedures below. 
 



2.      Inject a column performance standard mix (CPSM) to verify retention time windows. This requirement can be accomplished by using the OPR analysis. 
The latter is prepared with the appropriate congeners. The following criteria must be met:  



•        The chromatographic peak separation between 2,3,7,8-TCDD and the closest eluting isomers must be resolved with a valley of £10 percent. Note 
that the method calls for a less stringent requirement of 25 percent. Analytical Perspectives also requires that the peak shape of the TCDD/F be 
normal before one can use the DB-5MS column for both TCDD/TCDF isomer-specific determinations. 



•        The first and last PCDD/F eluters are verified to be within the eight homologue retention time windows. 



1.      Inject a mid-range standard from the initial calibration curve (CS3) at the beginning and end of every 12 hours. The following criteria must be met:  



•        The relative response factors for the mid-range standard are within the limits established in Method 1613. That is, the percent RSD for the mean 
response factors must be within the method’s tolerances. 



•        The ion ratios are within 15 percent of the theoretical. 



•        The signal to noise ratio (S/N) exceeds 10:1 for all ions monitored.  



•        The retention times must be within the criteria established in Method 1613. 



5.      Qualitative Determination  



1.      To identify a chromatographic peak as a PCDD or PCDF (either an unlabeled or a labeled compound). It must meet the following criteria:  



•        The signals for the two exact m/z being monitored must be present and must maximize within ±2 seconds of one another. 



•        The signal-to-noise ratio (S/N) of each of the two exact m/z must be greater than or equal to 2.5:1 for a sample extract, and greater than or equal to 
10:1 for a calibration standard. 



•        The ion abundance ratios must have a ratio within the limits established for the homologous series. 



•        The absolute retention times for non-2,3,7,8-substituted congeners must be within the corresponding windows set by the CPSM. 



•        The absolute retention times for 2,3,7,8-substituted congeners must be within 0 to +2 seconds of the isotopically labeled standard; these new limits 
are derived from over 500 data points obtained from MM1 and MM3 over a 17-week period worth of BCS3 and CS3/CS0. The 99% confidence 
intervals suggested 0 to 1 sec.; AP decided to use 2 sec. to cover all analytes (updated on 17 OCT 07). These limits are more representative of our 
level of performance. Weak peaks will continue to be treated as before with the call made by the chemist.  



6.      Quantitative Determination  



1.      For peaks that meet the criteria listed above, quantitate the PCDD and PCDF peaks from the mean RRF relative to the appropriate Extraction Standard 
established in the initial calibration.  



2.      Recovery of each Extraction Standard versus the Injection Standard should be between 40-135 percent or have a signal to noise ratio >10:1 and a favorable 
detection limit (Method 8290). See Method 1613 for the acceptable windows.  



3.      It is recommended that sample recoveries less than 40 percent or greater than 135 percent be re-extracted and re-analyzed unless the S/N ratio is >10:1 
and/or the DL is unacceptable. Similarly, outliers from Method 1613 tolerances should be considered for re-extraction. However, the Lab Director has the 
option to accept the data provided they meet our extraction requirements. Re-extraction is always required if we can show that the deviations result from an 
action that can adversely affect the data reliability. See the Decision Flow Charts for the “Thinking Method”. 



4.      Report results in picogram per gram, picogram per liter or picogram per sample. 



5.      Any sample in which the 2,3,7,8-TCDF is identified by analysis on a DB-5 GC column and is above the method calibration limit must be confirmed on a 
DB-225 or equivalent GC column. The use of the DB-5MS for both 2,3,7,8-TCDD and 2,3,7,8-TCDF isomer specificities can also be used. However, the 
percent valley for 2,3,7,8-TCDD is more stringent (10 percent instead of 25 percent) and the TCDD/TCDF peak shape must be normal (i.e., no tailing) to 
allow accurate measurement of the 2,3,7,8-TCDF isomer on the DB-5MS column. Analytical Perspectives can provide additional documentation on the 
validation of the DB-5MS for 2,3,7,8-TCDF determinations. Alternatively, the demonstration of isomer specificity is conducted in conjunction with the 
BCS3 analyses (enfolded performance). 
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6.      For 2,3,7,8-substituted congeners that are not identified, calculate a sample- and analyte-specific estimated detection limit. 



7.      For a homologous series with no positive identifications, calculate the detection limit. 



8.      Click here for more information on “Working at the Limits”. 



10.  CALCULATIONS  



1.      The concentrations for the PCDD or PCDF compounds are calculated by using the formula:  



2.      The detection limits for each absent 2,3,7,8-substituted PCDD/PCDF can be calculated using the following formula:  



11. REFERENCES  



USEPA Method 8290, Revision 0, Dated September 1994. 



USEPA Method 8290B, Dated July 2002. 



USEPA Method 1613, Revision B, Dated October 1994. 



  



TABLE 1: Theoretical Ion Abundance Ratios and Control Limits for PCDDs and PCDFs  



Where 



= Concentration of unlabeled PCDD/PCDF congeners (or group of 
coeluting isomers within an homologous series) in pg/g. 



= Sum of the integrated ion abundances of the quantitation ions (See 
Table 6 of EPA Method 8290) for unlabeled PCDD/PCDFs. 



= Sum of the integrated ion abundances of the quantitation ion ( See 
Table 6 of EPA Method 8290) for the labeled Extraction Standards. 



= Quantity, in pg, of the Extraction Standard added to the sample 
before extraction. 



= Weight of the sample (solid or liquid). 



= Calculated relative response factor for the analyte.  



= Estimated detection limit for homologous 2,3,7,8-substituted 
PCDD/PCDFs. 



= Noise height (peak to peak). 



= Peak height of the Extraction Standard. 



= Quantity, in pg, of the Extraction Standard added to the sample 
before extraction. 



= Weight of the sample (solid or liquid). 



= Calculated relative response factor for the analyte. 



Page 15 of 23Untitled Document



10/22/2009file://Z:\Procedures\SOP MAIN\pages\AP\APCM\8290B.htm



CONFIDENTIAL BUSINESS INFORMATION











(a) Used for 13C-HxCDF (IS) only. 



(b) Used for 13C-HpCDF (IS) only 



  



TABLE 2A: PRIMARY HIGH-RESOLUTION CONCENTRATION CALIBRATION SOLUTIONS  



(Regular Initial Calibration)  



 
 



TABLE 2B: SECONDARY HIGH-RESOLUTION CONCENTRATION CALIBRATION SOLUTIONS (optional)  



Number of   Theoretical Control Limits 
Chlorine Atoms Ion Type Ratio Lower Upper 



4 0.77 0.65 0.89 



5 1.55 1.24 1.86 



6 1.24 1.05 1.43 



6 a 0.51 0.43 0.59 



7 b 0.44 0.37 0.51 



7 1.04 0.88 1.20 



8 0.89 0.76 1.02 
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(Initial Calibration used for High-Level Samples Requiring 20-Fold Dilution of the Extract)  



  



Methods 8290 / 1613 / 23 / 0023A / TO9  



Method 8290—the first high-resolution gas chromatography and high-resolution mass spectrometry method (HRGC-HRMS)—was introduced by the USEPA in 1985. It is 
capable of measuring low levels of PCDD/Fs in a variety of matrices in support of the RCRA/CERCLA (Superfund) programs. Towards the end of the eighties, the 
importance and value of HRGC-HRMS were recognized not only in the US but abroad as well.  



Method 8290 underwent a number of changes. The changes—designed and implemented by the original author of the method in a commercial environment—led to a series 
of new analytical protocols in support of different regulatory programs within the Agency. For instance, Method 23—derived from Method 8290X—is the required protocol 
for the determination of PCDD/Fs in stack emission samples. Similarly, Method TO9-A for PCDD/Fs in ambient air samples is mostly adapted from Method 23. The SDWA 
and the CWA programs developed Method 1613, which is also derived from Method 8290X.  
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All of the above HRGC-HRMS methods are designed to measure PCDD/Fs. They are based on the same technology; i.e., isotope-dilution HRGC/HRMS. The sample 
extraction, fractionation and calculation procedures are essentially the same. Overall, the methods’ performance (e.g., detection limits, precision, accuracy) is the same. What 
differentiate them are primarily the QA/QC requirements. For instance, Method 8290 recommends a recovery ranging from 40 to 130 percent regardless of the Extraction 
standard. On the other hand, Method 1613 specifies a different limit for each Extraction standard (e.g., 25 to 164 percent for 13C 12-2,3,7,8-TCDD; 17 to 157 percent for 
13C 12-OCDD). Similarly, the calibration acceptance criteria for Method 8290 are different than those defined in Method 1613 (e.g., for the 13C 12-OCDD’s RRF in the 
continuing calibrations, M1613 specifies a tolerance window ranging from –52 to 215 percent while M8290 requires a +30 percent window).  



The published Method 8290 only calls for nine Extraction Standards to be added at the extraction stage. Method 1613 identifies 15 Extraction Standards. However, most 
laboratories, who recognize the fact that Method 8290 was developed at a time when there was a limited number of Extraction Standards, are in effect using a larger set of 
Extraction Standards, even surpassing the one specified in Method 1613 (see our comments at the end of this document). Just like in Method 1613, most laboratories will use 
the 37Cl 4-2,3,7,8-TCDD as a cleanup standard for Method 8290 analyses, even though, such standard is not described in Method 8290. 



In essence, and to the benefit of the User, i.e.,  



•         Improved quality,  



•         Streamlined operations,  



•         Cost control, and  



•         Shorter cycle times  



most qualified laboratories have adopted a “universal” methodology whereby the “best” features from each analytical protocol are merged. It was only in the middle of 2008 
that we found that our closest competitors finally adopted the use of all 17 13C 12-PCDD/F standards when in fact; AP had been doing this since 2001 along with a number 
of additional standards (e.g., seven cleanup standards, three injection standards). 



This section describes key aspects where modifications and improvements have been implemented by Analytical Perspectives for Methods 8290, 1613 and 23/0023A. 



Relevant Modifications & Improvements to the Published Methods 8290/1613/23/0023A/TO9A  
(as performed and validated by Analytical Perspectives)  



1.      Described below are key aspects of the various improvements. For more information and details, refer to Analytical Perspectives Performance Commitment document, which 
includes QC Acceptance Criteria & Corrective Actions.  



2.      The reference Method 8290 requires a Soxhlet extraction with toluene for non-biological solid matrices. Our approach calls for the use of Soxhlet Dean-Stark (SDS) extraction 
with toluene. For biological tissues, hexane SDS extraction is used to prevent precipitation of lipids in the presence of water and methylene chloride. The SDS permits the 
progressive removal of the entire water contents from the sample matrix and, subsequently, from the extraction solvent system by way of an azeotrope formation between toluene 
(or when applicable, hexane) and water. During the extraction cycle, the water separates from the organic solvent inside the Dean-Stark arm. Pure organic solvent is now returning 
to the extraction vessel. The removal of the water from the extraction system ensures the sample matrix is extracted with pure toluene (or when applicable, hexane) rather than a 
mixture of organic solvent—water as it happens when Soxhlet alone is used. This modification results in a more effective extraction of the organics such as PCDD/Fs, which are 
more soluble in organic solvents than in water.  



3.      Our sample extract fractionation procedure is designed to remove a wide variety of interferences. Among the most common interferences, polychlorinated diphenylethers 
(PCDPEs), when present, can artificially elevate the concentrations of PCDFs. Our cleanup approach removes the bulk of the PCDPEs (or alleged PCDPEs) in air and air-related 
matrices (e.g., ash) so that their effect is reduced to less than 0.3 to 3 percent positive bias on the total PCDD/Fs. This estimate is based on a worst-case scenario whereby we 
assume the alleged PCDPE is solely responsible for the signal found in the PCDF channel. Over the years, the application of our cleanup procedures indicate that no PCDPEs are 
found in our sample extracts (see Fig. below showing an example of M23 data from a competitor lab where numerous PCDPEs constitute a major source of false positives). Our 
fractionation procedures for fish tissue are designed to eliminate PCDPEs that may interfere with the detection and analysis of PCDFs. 
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4.      HpCDPEs in a M23 Sample as a major source of false positives from a competitor lab 



5.      OCDPEs in a M23 Sample as a major source of false positives from a competitor lab  



6.      To eliminate the risk of confusion between methods when referring to the various standards used throughout the procedures, the following nomenclature is applied: 



o        Extraction Standard (ES): Extraction standards are the seventeen 13C 12-labeled 2,3,7,8-substituted PCDD/F congeners, which are added to every sample before the 
extraction. They are used to monitor both the extraction and fractionation efficiencies as well as for quantitative and qualitative purposes. For air matrices, the ES is also 
used to compute the SS recoveries. Versions of the methods refer to them as “internal standards” or “labeled compounds”.  



o        Cleanup Standard (CS) or Sampling Standards (SS): A group of five labeled PCDD/F congeners added to every sample immediately following the extraction and before 
the fractionation. They are representative of a number of homologue groups and are used to monitor the fractionation efficiencies.  



o        Alternate Standards (AS): 13C 12-1,3,6,8-TCDD and 13C 12-1,3,6,8-TCDF are used as additional cleanup standards to monitor for selective losses during the 
fractionation procedures, which can introduce a bias on totals as well as distort the congener profiles.  



o        Injection Standard (JS): Injection standards are a group of three labeled PCDD/F congeners, which are used for the preparation of the final extract for GC/MS analysis. 
Their function is to measure the recoveries of the ES and CS and to provide a means for insuring that the system’s sensitivity performance remains acceptable. Versions of 
the methods referred to them as “recovery standards” or “labeled internal standards”.  



o        Note that a similar system is adopted for PCBs, PAHs, and USVOAs.  



7.      The method calls for the use of nine (Method 8290) or 15 carbon-13 labeled Extraction standards (Method 1613) added to the sample before the extraction. Our fortification 
procedure consists in the addition of 17 carbon-13 labeled extraction standards to the sample before the extraction. One of the additional standards is 13C 12-OCDF, a compound 
that could not be used in the early eighties when Methods 8290/23/1613 were developed. Indeed, the available technology was unable to achieve chromatographic separation 
between OCDD and OCDF. From a mass spectrometry point of view, 13C 12-OCDF interferes with the measurement of OCDD and, is interfered by OCDD, especially when 
OCDD levels are high. With today’s improved gas chromatographic column technology, the separation between the two congeners permits the introduction of such a valuable 
standard to monitor more specifically the recovery of OCDF and to measure more accurately the amounts of OCDF present in the sample. It is worth mentioning that the author of 
this document has verified, under certain laboratory lighting conditions, the light-induced thermal degradation of OCDF during the toluene Soxhlet extraction. Up to 80 –90 
percent thermally-induced photodegradation of OCDF have been observed while none was found for OCDD under the exact same conditions. In the absence of 13C 12-OCDF, a 
significant negative bias would result for the measurement of OCDF if the corresponding labeled standard is not used.  



8.      Each of the methods’ calibration curve is established with five individual solutions ranging in concentrations, for instance, from 0.5 pg/ m L to 100 pg/ m L for the TCDD/F. Our 
seven-point initial calibration curve’s dynamic range extends two-fold lower (0.25 pg/ m L) and five-fold higher in concentration (500 pg/ m L). Furthermore, Methods 
8290/1613/23/0023A minimum requirements for the acceptance of the initial calibration are RSDs ranging from 20-25 to 35 percent depending on the analyte. Our internal 
requirement calls for single digit RSDs. Higher precision and accuracy for the PCDD/Fs are the primary benefits of these modifications. Tables 1 and 2 summarize the two sets of 
ICAL used by Analytical Perspectives. The secondary ICAL—an option offered exclusively by Analytical Perspectives—is used for the analysis of samples containing high-level 
analytes requiring up to 20-fold dilutions. The secondary ICAL is a product under evaluation, and may not be used systematically until the benefits are fully established.  



9.      Methods 8290/23/1613/23/0023A do not address the absolute value for the analytes’ RRFs. In order to ensure accurate measurements, Analytical Perspectives verifies that the 
RRF for specific analytes with an associated carbon-13 labeled extraction standard remains within a reasonable value from historical values (e.g., + 20 percent). The Laboratory 
Director can reject the ICal and request a new set of standard solutions to be prepared when such deviations are found with a new batch of standards. One critical aspect to 
successful analysis by isotope-dilution HRGC-HRMS is the reliability of the standards. To that effect, a number of verification procedures with stringent requirements are 
implemented and enforced (e.g., independent verification of the standards through the use of intra-source area ratios).  



10.  Methods 23/1613 verification of the initial calibration are conducted only at the beginning of every 12-H of operation during which samples are analyzed by HRGC/HRMS. Our 
procedures based on the BCS3 system require not only a front-end but also a back-end continuing calibration verification (concal). Additionally, according to our procedures, 
both front- and back-end verifications entail a verification of the ability to measure 2,3,7,8-TCDD and 2,3,7,8-TCDF in an isomer-specific mode and a verification of the various 
homologue groups retention time windows. This demonstration and verification is accomplished through the use of a new QA/QC sample concept known internally as the BCS3, 
which is part of our enfolded performance approach.  



o        The BCS3 is a QC sample used for true-stable isotope-dilution GC/MS methodologies to ensure the reliability and accuracy (precision and bias) of the determinations. It is 
prepared in stages at the same time as the batch of field samples; i.e., at each phase involving the addition of the ES, CS, JS to the samples. For air matrices, the BCS3 is 
initiated at the preparation stage of the sampling modules (i.e., XAD-2 resin or PUF) during which the SS are introduced inside the sorbent material. The BCS3 is analyzed 
at the beginning and at the end of a 12-H analytical sequence during which the associated samples are analyzed. In order to use the front- and back-end BCS3 averaged 
RRFs to process the samples, the individual front- and back-end RRFs need to meet a number of requirements as detailed in section 5.4 of this procedure..  



o        It is AP’s policy to develop a database of sample projects where both the OPR and the BCS3 are analyzed for M1613 samples. Once the Laboratory Director has 
determined that such information has been obtained, then, any project completed under M1613 where an OPR is required will NOT have a BCS3. Only those projects not 
requiring an OPR will be processed and analyzed under the BCS3 system. Furthermore, when an OPR is required, only a CS3 – spiked with the usual isomeric 
interferences and the first and last eluters – will be analyzed at the beginning of the sequence. No ending CS3 will be done when OPR is required. 



11.  Methods 8290/1613/23/0023A injection standards is a mixture containing two carbon-13 labeled PCDD congeners. Our injection standards solution contains three carbon-13 
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labeled PCDD/F congeners.  



12.  The “initial demonstration of performance” is conducted annually while fortifying the sample with the unlabeled target analytes at our reporting limit (i.e., corresponding to the 
more challenging lowest calibration point of our curve). Precision and accuracy information is available from our Performance Commitment document.  



13.  For Method 1613 only: Until such a time when the BCS3 can be considered and approved by the Office of Water as a substitute for an on-going precision and accuracy, an OPR 
quality control sample is prepared with each extraction batch. No OPR is prepared for Method 8290, however. The BCS3 fulfills a more valuable function than the OPR.  



14.  Our data acquisition and validation procedures require the monitoring and assessment of “quantitative interferences”. When present, specific corrective actions may be necessary 
when they adversely impact the quality of the data. It is our policy to deliver data of quality; a policy that often results in carrying out additional (and outside the scope of the 
methods) fractionation procedures for complex samples.  



15.  Reporting of data is accomplished using a format that is accessible to a wide range of Users. It is designed to minimize the need for our clients to perform additional interpretation 
of the laboratory data. A three-part set of sample summary results is provided in an electronic format (Excel). Our CLP-like data package comes in both hardcopy and CD 
versions. The latter is integrated and interactive.  



16.  A correction for the contribution at m/z 322 from the CS ( 37Cl 4-2,3,7,8-TCDD) is applied automatically in our calculations.  



17.  Analytes found at a concentration below 1/10 th our reporting limit are reported as ND with a detection limit equals to 01 xRL.  



18.  Analytes whose ion-abundance ratio is outside the method’s limits are reported as EMPC – estimated maximum possible concentration; a concept introduced in the early eighties 
during the development of the first version of USEPA Method 8290. An EMPC is triggered whenever one particular identification criterion for PCDD/Fs is not met. Its value, 
particularly in risk assessment studies, is found in circumstances when specific analytical factors can lead to possible false negatives. Understanding the analytical factors 
prompting an EMPC plays an important part in the formulation of effective course of actions or in the development of a strategy for reporting data.We also recognize the different 
– and sometimes conflicting – realities and needs of the ultimate users; i.e., the regulators, the risk assessors, and the regulated communities. When acquiring data by high-
resolution GC/MS, the mass spectrometer is operating in the selected ion-monitoring mode. For each compound of interest, the mass spectrometer records the response of two 
characteristic ions from the molecular ion cluster. The ion-abundance ratio between the two characteristic ions must fall within accepted ranges for the peak to be identified as a 
PCDD/F congener. Should the ion-abundance ratio fall outside the permissible range, the corresponding GC peak cannot be identified as a PCDD/F congener. However, if the 
ratio error is assumed to be due to a contributing interference to one of the ions, then an EMPC may be derived from the unaffected ion and the natural abundance ratio. In 
essence, one performs a “mathematical” operation removing the “contribution” of the interference, if the latter is the primary reason for triggering the EMPC reporting. 
 
It is true that a co-eluting chemical interference can cause the ion-abundance ratio to exceed the method’s limits (e.g., the impurity in the commercially available 37Cl 4-2,3,7,8-
TCDD). However, for practical purposes, and before rushing into the so-called “confirmation” analyses and/or additional cleanups, which may in some cases amount to unethical 
practices, it helps to appreciate the fact that over 99 percent of the time, the EMPC is triggered by “ion statistics” and not by a chemical interference.  
 
Indeed, the uncertainty associated with the measurement of an ion-abundance ratio of two “weak” signals is equal to the sum of the variances associated with the individual 
signals. The weaker the S/N is, the larger the uncertainty of the measurement is. Ratio ing two numbers with large variances can result in the ion-abundance ratio to easily exceed 
the +15 percent window. In such case, a “confirmation” analysis is pointless unless the S/N is significantly improved. Our methodology reports EMPCs as such. Whenever a 
chemical interference can be discerned, we comment in the narrative on the potential impact on the data, or what actions have been taken or attempted to improve the specificity 
or to remove the interference, or its effect.  
 
For circumstances whereby an EMPC cannot be reported, we report any out-of-ratio criterion peak eluting at the retention time of a 2,3,7,8-substituted congener as an ND using 
the peak concentration as the detection limit.  



  



Appendix  
Tables 6, 6A, 7, 7A of M1613B 



(as requested by SCDHEC) 
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List of Abbreviations &Acronyms 
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•                AS = alternate standard 
•                Ax = target analyte 
•                BCS3 = batch control spike 
•                CAA = Clean Air Act 
•                COC = chain of custody 
•                CPSM = column performance standard mixture 
•                CS3 = calibration solution corresponding to the middle point of the initial calibration curve 
•                CS = cleanup standard 
•                CWA = Clean Water Act  
•                dfa Technology = dioxin-furan array (fingerprinting reminiscent of DNA plates) 
•                DOC = documentation of capability 
•                DUP = duplicate 
•                EDL = estimated detection limit (sample- and analyte-specific) 
•                ES = extraction standard (isotopically labeled standard added before the extraction) 
•                GC = gas chromatography  
•                ICAL = initial calibration 
•                ID-HRMS = comprehensive and stable isotope-dilution high-resolution mass spectrometry 
•                Ind. Val. = independent validation 
•                JS = injection standard 
•                LOD = limit of detection 
•                LOQ = limit of quantitation 
•                MB = lab method blank 
•                MDL = method detection limit (not sample-specific) 
•                M/ΔM = mass spectrometer resolving power 
•                MIR = Methods Innovation Rule 
•                ML = minimum level (equivalent to lowest point on the calibration curve) 
•                MS/MSD = matrix spike/matrix spike duplicate 
•                ND = not detected 
•                NELAC = National Environmental Laboratory Accreditation Conference  
•                OPR = on-going precision & recovery (equivalent to LCS or Lab Control Spike) 
•                PAH = polynuclear aromatic hydrocarbon 
•                PBMS = performance-based measurement system 
•                PCB = polychlorinated biphenyl 
•                PCDD/F = polychlorinated dibenzo-p-dioxin and dibenzofuran 
•                PD = percent difference 
•                PE = performance evaluation sample 
•                QI = quantitative interference 
•                QuanTIC = selected SVOAs by full-scan GC/MS (ID-HRMS) 
•                RCRA = Resources Recovery Act 
•                RL = reporting limit (usually represents the lowest point on the calibration curve or ML) 
•                RPD = relative percent difference 
•                RRF = relative response factor 
•                RSD = relative standard deviation  
•                RTW = retention time defining window solution 
•                SDWA = Safe Drinking Water Act 
•                SICP = selected ion current profile 
•                S/N = signal-to-noise ratio 
•                SRM = standard reference material 
•                SS = sampling standard 
•                TEQ = toxic equivalency quotient 
•                TSCA = Toxic Substances Control Act 
•                U-SVOA = ultra-semi volatile analyte (selected SVOAs by SIR by ID-HRMS) 
•                VER = continuing calibration verification (equivalent to ConCal) 
•                WHO-2 / WHO-2S = ID-HRMS assay for the 29 World Health Organization target analytes (S = serum)
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Quantitation of Semi-Volatile Petroleum Products 
in Water, Soil, Sediment and Sludge 



 
References:   OQA-QAM-025-02/08, Rev 7. New Jersey Department of Environmental 



Protection, Office of Quality Assurance. 2/25/08. 
 
 
1. Scope and Application 



Matrices: Water, Soil, Sediment and Sludge 



Definitions:  Refer to the Alpha Analytical Quality Manual. 



This method utilizes a gas chromatograph fitted with a flame ionization detector (FID). The following 
petroleum analyses are included in the method: 



Quantitative analysis of environmental samples for residues from commercial petroleum products 
such as crude oil, diesel fuel, waste oil, fuels oils Nos. 2-6, lubricating oil, processed oils and bunker 
fuel. The method determines Total Semi-Volatile Petroleum Products (TPH), also known as Total 
Petroleum Hydrocarbons. TPH includes paraffinic, naphthenic, and polynuclear aromatic 
hydrocarbons (PAHs). 



The method is not to be used for gasoline contaminated sites. 



Fingerprint Identification of unknown petroleum products occurs by comparison of their 
chromatograms with chromatograms of known petroleum product profiles. Products that can be 
identified include diesel fuel, fuel oils Nos. 2-6, lubricating oils, bunker fuel and processed oils (1, 2). 



The FID response produces a TPH chromatogram that can be used to identify the type of petroleum 
product present by matching the chromatogram of the unknown sample with the chromatograms of 
known petroleum products. 



The data report packages present the documentation of any method modification related to the 
samples tested. Depending upon the nature of the modification and the extent of intended use, the 
laboratory may be required to demonstrate that the modifications will produce equivalent results for 
the matrix.  Approval of all method modifications is by one or more of the following laboratory 
personnel before performing the modification: Area Supervisor, Department Supervisor, Laboratory 
Director, or Quality Assurance Officer.  



This method is restricted to use by or under the supervision of analysts experienced in the operation 
of the GC and in the interpretation of GC data. Each analyst must demonstrate the ability to generate 
acceptable results with this method by performing an initial demonstration of capability, analyzing a 
proficiency test sample and completing the record of training. 



After initial demonstration, ongoing demonstration is based on acceptable laboratory performance of 
at least a quarterly laboratory control sample or acceptable performance from an annual proficiency 
test sample. A major modification to this procedure requires demonstration of performance.  The 
identification of major method modification requiring performance demonstration is directed by the 
Quality Assurance Officer and/or Laboratory Director on a case-by-case basis. 
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Parameter CAS 
n-octane (C8) 111-65-9 
n-decane (C10) 124-18-5 
n-dodecane (C12) 112-40-3 
n-tetradecane (C14) 629-59-4 
n-hexadecane (C16) 544-76-3 
n-octadecane (C18) 593-45-3 
n-eicosane (C20) 112-95-8 
n-docosane (C22) 629-97-0 
n-tetracosane (C24) 646-31-1 



 



Parameter CAS 
n-hexacosane (C26) 630-01-3 
n-octacosane (C28) 630-02-4 
n-triacontane (C30) 638-68-6 
n-dotriacontane (C32) 544-85-4 
n-tetratriacontane (C34) 14167-59-0 
n-hexatriacontane (C36) 630-06-8 
n-octatriacontane (C38) 7194-85-6 
n-tetracontane (C40) 4181-95-7 
Total Petroleum Hydrocarbons  



 



2. Summary of Method 



Petroleum residues are extracted from sample matrices with methylene chloride. Surrogate 
compounds are added to all samples before extraction. The methylene chloride extract is 
analyzed with a gas chromatograph fitted with a capillary column attached to a FID. 



The TPH is determined by integration of the FID chromatogram. Calibration of the gas 
chromatograph is done with a hydrocarbon standard C8-C40 or where justified and documented, 
based on historic site-specific data, a standard reference petroleum product. 



Identification of unknown residues may be done by comparing their chromatograms with 
chromatograms of known petroleum products. Identification is established when chromatograms 
match. NJ Method QAM-018 or ASTM Method “Standard Practice for Oil Spill Source 
Identification by Gas Chromatography and Positive Ion Electron Impact Low Resolution Mass 
Spectroscopy,” D5739-00 must be used for detail pattern recognition (6, 28). 



 



2.1 Method Modifications from Reference 
Soil samples are extracted using the Microwave Extraction Method, EPA 3546. 



The laboratory is permitted to modify the method to overcome interferences or improve 
efficiency of measurements, provided that all performance criteria in this method are met.  
The laboratory shall determine the equivalency of the revised method. 



 



3. Reporting Limits 
Aqueous Reporting Limits are:  5.0 ug/L for individuals, 50ug/L for the carbon range. 



Soil, Sediment and Sludge Reporting limits are:  500ug/Kg for individuals, 10000ug/Kg for the 
carbon range. 



 



4. Interferences 
4.1 Glassware Washing: Method interferences are reduced by washing all glassware 



with hot soapy water and then rinsing with tap water, distilled water, methanol, and 
methylene chloride.  
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4.2 Reagent purity:  High purity reagents such as Burdick and Jackson GC2 methylene 
chloride, Baker capillary grade methylene chloride or equivalent must be used to 
minimize interference problems. 



4.3 Matrix: Matrix interferences may be caused by contaminants that are co-extracted 
from the sample. The extent of matrix interference will vary considerably from source to 
source (e.g. fatty acids, biogenic materials, oxidized biodegradation products), 
depending upon the nature and diversity of the site being sampled. The silica gel 
cleanup procedure, EPA Method 3630B can be use to overcome many of these 
interferences, but unique samples may require additional cleanup approaches to 
achieve the method detection limit (MDL) (4). 



4.4 Alkanes: Naturally occurring alkanes may be detected by this method and may 
interfere with product identification. Naturally occurring plant waxes include odd carbon 
number alkanes from n-C25 through n-C35, and exhibit a dominant odd/even chain 
length distribution. Leaf hydrocarbons also may be detected. 



4.5 Vial septum: A vial septum should be penetrated and extracted with methylene 
chloride to evaluate the potential alkane distribution that could occur in re-analyzed 
extracts. Vial septa should be changed after each analysis. 



4.6 Particulates: Particulates interfere with the determination of dissolved petroleum 
products in ground water. Petroleum products adsorb on the surface of particulates. The 
groundwater samples should be filtered through glass fiber filters to determine dissolved 
TPH. 



     
5. Health and Safety 



The toxicity or carcinogenicity of each reagent and standard used in this method is not fully 
established; however, each chemical compound should be treated as a potential health hazard. 
From this viewpoint, exposure to these chemicals must be reduced to the lowest possible level by 
whatever means available. A reference file of material safety data sheets is available to all 
personnel involved in the chemical analysis. Additional references to laboratory safety are 
available in the Chemical Hygiene Plan.  



All personnel handling environmental samples known to contain or to have been in contact with 
municipal waste must follow safety practices for handling known disease causative agents. 



 
6. Sample Collection, Preservation, Shipping and Handling 



6.1 Sample Collection 
6.1.1 Aqueous: Collect in 1 Liter amber narrow mouth bottle, with PTFE faced silicone cap 



liners.  



6.1.2 Soil: Collect a representative sample in a four-ounce, amber, wide mouth jar with 
PTFE faced silicone cap liners; with minimum air space. 



 



6.2 Sample Preservation 
6.2.1 Aqueous:  If the samples are not extracted within 4 hours of collection, they must be 



preserved by adding 5 mL of 1:1 HCL. Confirm the pH is < 2 in the field.  Samples must 
be chilled to 4+/-2°C on the day of collection and stored at 4+/-2°C until analyzed. 
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6.2.2 Soil:  Samples must be chilled at 4+/-2°C on the day of collection and stored at 4+/-



2°C until analyzed. 
 



6.3 Sample Shipping 
No special shipping requirements. 



6.4 Sample Handling 
Both Aqueous and Soil samples must be extracted within 14 days from time of collection or 
12 days from sample receipt. Extracts must be analyzed within 40 days of extraction. 



 
7. Equipment and Supplies 



7.1 Gas Chromatograph:  Agilent 7890A with dual EPC split/splitless injection ports 
and dual FID. Includes all required accessories including autosampler syringes, 
analytical columns, and gases. 



7.2 Autosampler:  Two 7683B autosamplers interfaced to a Dell computer system  



7.3 Data System: A computer system is interfaced to the GC for collection of data.  
Chemstation software is used for data acquisition and processing.  



7.4 Analytical Balance:  Capable of weighing 0.0001g; used for weighing standards. 



8. Reagents and Standards 



8.1 Methylene Chloride: Burdick & Jackson, High Purity Solvent 



8.2 Reagent Water: DI Grade 



8.3 Sodium Sulfate:  (ACS) granular, anhydrous. Purify by heating at 400°C for four 
hours in a shallow tray, cool in a desiccator and store in a sealed glass bottle.  



8.4 Silca Gel: Before use, activate for at least 16 hours at 130°C in a shallow glass tray 
that is loosely covered in foil. Cool and store in a sealed glass bottle.  



8.5 Hydrochloric Acid (HCl), 1:1  
8.6 Stock Standards 



8.6.1 Calibration 17 Component Alkane Standard: Restek Number 31266 



8.6.2 Internal Standard, 5-alpha Androstane: Restek Number 31065 



8.6.3 Surrogate Mix: 



8.6.3.1 O-terphenyl: Restek Number  31097 



8.6.3.2 Chlorobenzene: Restek Number 30261 



8.6.3.3 P-terphenyl: Restek Number 31095 



8.6.4 ICV 17 Component Alkane Standard: Restek Number 31266 (must be a 
different Lot than the Calibration Standard). 
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8.7 Fuel Oil Degradation Mix: Restek Number 31240 
 
 



 



9. Quality Control  
The laboratory must maintain records to document the quality of data that is generated. Ongoing 
data quality checks are compared with established performance criteria to determine if the 
results of analyses meet the performance characteristics of the method. 



9.1 Blank(s)  
A method Blank is analyzed with each sample batch to demonstrate that interferences from 
sample extraction are under control. Target compounds' concentrations in the blank must be 
no more than 5x MDL.  
 
Corrective Actions:  If blank levels for any component are above 5x MDL and the sample 
concentrations present in the samples are greater than 10x blank level then the samples may 
be quantified and qualified. If the blank concentration is greater than 5X MDL and the sample 
concentrations present in the samples are less than 10 X the blank level, the affected 
samples are re-extracted and reanalyzed. If a sample cannot be re-extracted or re-analyzed, 
the data is qualified as such. Samples must not be blank corrected. 
  



9.2 Laboratory Control Sample (LCS) 
A LCS is analyzed with every 5% of samples, or once per batch, whichever is more frequent. 
The LCS is an independent fuel oil #2 at a concentration of 60 mg/mL. The accepted 
recovery is 45 – 120% for soil samples and 60 – 120% for liquid samples. 



Corrective Actions:  



The following corrective actions can be taken when the percent 
recoveries of chlorobenzene, androstane and/or tetracosane-d50 are 
outside of the recovery range: 
 



9.2.1 Check calculations to assure there are no errors. 



9.2.2 Check instrument performance, check the sample preparation procedure for 
loses due to temperature control and the internal standard and surrogate 
solutions for degradation or contamination, etc. 



9.2.3 Reanalyze the sample or extract if the steps above fail to reveal a problem. If 
reanalysis yields surrogate recoveries within the stated limits, the reanalysis 
data should be used. 



9.2.4 If the surrogate could not be measured because the sample was diluted prior to 
analysis, qualify the surrogate recovery. If the surrogate co-elutes with a 
compound (as in coal tar), report only the recovery of the backup surrogate 
tetracosane-d50.  Qualify the out of range surrogate on the data table. No 
additional corrective action is required. 



 



9.3 Initial Calibration Verification (ICV) 
The initial calibration is verified by a calibration standard from a different source or Lot than 
the standard used to construct the calibration curve. A mid range standard is used.  
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9.4 Continuing Calibration Verification (CCV) 
The working calibration curves for TPH must be verified on each working day and after every 
12 hours by the measurement of one or more continuing calibration standards. The %D 
between the initial RRF and the Continuing Calibration cannot exceed 20%. If the %D 
exceeds 20, the instrument must be recalibrated. 



 



9.5 Matrix Spike 
Matrix Spikes must be analyzed on an ongoing basis, at least 5% of the samples for each 
matrix or per batch, whichever is more frequent.  The matrix spike is at a concentration of 60 
mg/mL with a % Recovery of 60-120% required for liquid samples and 55-120% required for 
soil samples. 



 



9.6 Laboratory Duplicate 
On ongoing basis, the laboratory must analyze 5% of the samples for each matrix in 
duplicate. Both results are reported. (No specific criteria concerning the relative percent 
difference (RPD) exist at this time. However, results must not differ by more than 50%.) A 
matrix spike duplicate may be used if no positive TPH samples are in the batch. 
 



 
9.7 Method-specific Quality Control Samples 



9.7.1 Surrogates:   



The surrogates chlorobenzene, ortho-terphenyl 
[OTP] and tetracosane-d50 are prepared by carefully weighing 100mg of each 
compound into a 100 mL volumetric flask. Dilute to volume with methylene chloride. 
The final concentration of each compound is one ug/ul. The laboratory is free to choose 
any two or more surrogates that cover the carbon range (C8 - C40). However 
chlorobenzene is required. Poor recovery of chlorobenzene indicates the loss of low 
boiling hydrocarbons.  



 
The Standard Monitoring Compounds (surrogates) are at two concentrations. The 
standards contain all three surrogates at 5 mg/L. All blanks, LCS and samples contain 
the surrogates at 30 mg/L. Separate methods will need to be set up for standards and 
samples to account for the different surrogate concentrations. This will allow for 
calculations the calculation to be accurate. 
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9.8  Method Sequence 
 
 NOTE: 12 hours of samples can be analyzed before CC is run.  Must start with 
Instrument Blank, Fuel Deg, ICV, HC Blank each time. 
 



• Instrument Blank 



• Degradation Check 



• Initial Calibration 



• Initial Calibration Verification 



• HC Blank 



• LCS 



• Method Blank 



• Samples (10) 



• MS, Duplicate 



• Continuing Blank 



• Degradation Check 



• LCS 



• Method Blank 



• Samples (10) 



• MS, Duplicate 



• Continuing Calibration 



10. Procedure 
10.1 Equipment Set-up 



10.1.1 Sample Preparation:  Aqueous samples are prepared by Method EPA 3510C.  Refer 
to Alpha SOP/02-02 for extraction procedure.  Soil samples are prepared by Method 
EPA 3546.  Refer to Alpha SOP/02-12 for extraction procedure. 



 



10.2 Initial Calibration 
 



10.2.1  Retention time windows 



10.2.1.1 Before establishing windows, make sure the GC system is within optimum 
operating conditions. Serial injections over less than a 72 hr period result in 
retention time windows that are too tight.   



10.2.1.2 Calculate the mean and the standard deviation of the three 
retention times (use any function of retention time; including 
absolute retention time, or relative retention time) for each 
surrogate. 



10.2.1.3 Plus or minus three times the standard deviation of the mean 
retention times for each surrogate will be used to define the 
retention time window; however, the experience of the analyst 
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should weigh heavily in the interpretation of chromatograms. 
The default value for the retention time shall be a minimum of 
+/- 0.05 minutes, if the standard deviation is zero. 



10.2.1.4 Establish the midpoint of the retention time window for each surrogate by using 
the absolute retention for each surrogate from the mid-concentration standard 
of the initial calibration. 



10.2.1.5 The laboratory must calculate retention time windows for each surrogate on 
each GC column and whenever a new GC column is installed. The data must 
be retained by the laboratory. 
 



10.2.2   FID Internal Standard Calibration for Quantitation of TPH  



Calibrate the GC-FID with an initial five point, (i.e., concentration of 
individual components 1ng/uL, 5ng/uL, 10ng/ul, 20ng/uL, 50ng/uL), 
Total Petroleum Hydrocarbons calibration curve (Section 6.8.1). The 
lowest concentration point in the calibration curve should be near the 
MDL (4-5 x MDL). 
 
 



10.2.3 Standard analyzed for initial Calibration: 
 



Standard Concentration (mg/L) 



1.0 



5.0 



10 



20 



50 



100 



 



 100ul of each std is placed in an insert in a 2 ml AS vial and 5ul of  



 Internal Standard is added 
 



10.2.4 Initial Calibration Verification  
 
The initial calibration shall be verified by a calibration standard from a different source or lot 
than used to construct the calibration curve. A mid-range standard is recommended. 



 



10.3  Daily Calibration 
The Daily Calibration requires the following: 



• Resolution Check – inject 1ul of resolution solution (20 ng/ul) and inspect for the separation 
of phytane and nC18, pristine and nC17. 



• Run a MeCL2 blank spike with ISTD/SS to verify area for blank subtraction procedure. 
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• Run a Continuing Calibration to verify the working (Initial) curve is still valid. This std is 
required to be analyzed every 12 hours.  The acceptable criteria ia a % difference (%D) must 
not exceed 20%. 



%D = RRFc – RRFi/RRFi X 100 



RRFc = Response Factor of compound in CCV 



RRFi = Mean RRF of compound in most recent initial calibration 



•    The retention times of surrogates in the calibration verification std must be within the absolute 
retention time window. 



•   The internal Standard and surrogates must be evaluated during or immediately following data 
analysis. The retention times must be within the RT window. Area for IS and surrogates must 
not change by more then 50% from the last daily calibration check. Acceptable surrogate 
recovery is as follows: 



Soil Chlorobenzene: 40-140% 



Soil otp:  45-120% 



Soil ptp:  40-120% 



Liquid Chlorobenzene: 60-120% 



Liquid otp:  60-120% 



Liquid ptp:  60-120% 



•    The Mass Discrimination of the injection port needs to be checked. Check by calculating the 
response factor C32/C20 and it should be greater then 0.8. If the ratio is less, the system 
must be inspected and corrected. 



Mass Discrimination/surrogates/blank sub calc 
 
The degree of mass discrimination is calculated daily for all opening and closing standards. 
The calculation of: 
 
 C32/C20 = mass discrimination ratio 
 
Should be hand calculated at the bottom of each quantitation report for that specific analysis. 
The mass discrimination ratio is required to be above 0.8. If the ratio is less then 0.8 the 
analytical sequence is to be stopped. Injection port maintenance is required and reanalysis of 
the standard is required until it passes criteria. 
 
The calculation is performed by the instrument operator at the time of analysis. If so, 
initialization and dating is not necessary. If the calculation is performed by someone else or 
at a later date, the initialization and dating is required. 



 



Water Calculations for Internal Standard 



Conc(ug/L) = (A)(Cis)(D)(Vi)/(RRF)(Ais)(Vs)(1000)  



C = Concentration of analyte or TPH in ug/L 



A = Area response of compound 



D = Dilution Factor 



Cis = Concentration of IS in ug/L 



Ais = Area response of internal standard 



RRF = Relative response factor of compound 



Vi = Volume of extract injected, ul 



Vs = Volume of sample, ml 
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Soil and Sediment Calculations for Internal Standard 



C (ug/kg) = (A)(Cis)(D)Vt/(RRF)(Ws)(Ais)Vi((1000) 



C = Concentration of analyte or TPH in ug/Kg 



Ws = Dry Sample Weight, g 



All others are similar to above. 



 
 



10.4 Continuing Calibration 
Standard Concentration (mg/L)  50 



 



 100ul of std is placed in an insert in a 2 ml AS vial and 5ul or 



 Internal Standard is added. The Internal is at a concentration of 5 mg/L 



 In all blanks, QC and samples. The surrogates are spiked at extraction  



 at a concentration of 30 mg/L. 



 



10.5  Equipment Operation and Sample Processing 
Dell Computer 



Chemstation Software 



Laboratory Information Management System 



 



11. Data Evaluation, Calculations and Reporting 
 



11.1 Sample Analysis and Data Evaluation 
100 ul of sample is placed in a 2 ml auto sampler vial within an insert and 5 ul of ISTD (alpha-5-
androstane) is added to the sample. Place sample on auto sampler tray in proper sequence 
and analyze.  



 



While data reviewing samples the following criteria needs to be met: 



a. Area for both Surrogate and Internal Standard must be within +/- 50% from 
the last daily calibration standard check. If not within criteria, GC needs to be 
inspected for malfunction. Verify peak integration. 



b. Sample conc. must be within the dynamic range of the working curve. If 
above a dilution is required to bring concentration within curve range. 



c. Samples must be with 12 hr window from initial CCV and bracketed by CCV. 



All samples and blanks are Blank Corrected. A custom macro has been installed as a drop down 
file. The Instrument blank (HC Blank) that contains the ISTD and Surrogates (plus column bleed) 
is subtracted from all method blanks and samples. The total TPH value at the bottom of the 
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quantitation report is reported as total including the column bleed and as a BS (blank subtraction) 
with the ISTD, surrogates and column bleed removed. 
 



11.2 Calculations and Reporting 
The data is generated from the signal of a flame ionization detector and collect on a computer 
using Agilent Chemstation Software. The quantitation technique is Internal Standard, using 5 – 
alpha Androstane and the single Internal Standard.  



Calculations: 



A response factor is calculated for each calibration point in a curve: 



 



RF = Area of Cmpd/Area of ISTD X Conc of ISTD/Conc of Cmpd 



 



The Response Factors (RF) are averaged and a % Relative Standard Deviation (%RSD) is 
calculated to determine if the curve is within acceptable method criteria. If the initial curve passes 
criteria then proceed forward to ICV and sample analysis. If initial curve does not pass criteria, 
then instrument need to be inspected and determined why and another initial curve will need to 
be analyzed. 



 



% RSD = Standard Deviation of initial RF/mean of initial RF X 100 



The % RSD should be less then 20. 



 



Quantitation list target compounds number 22 is designated as follows: 
 
 HC range (C8 – C40) 
 HC range (C8 – C40) BS 
 
The first listed Target is calculated from the end of the solvent peak to the end of the analytical 
run minus the ISTD and surrogates. 
 
The second listed Target (with additional BS label) is calculated from the end of the solvent peak 
to the end of the analytical run minus the ISTD, surrogates and blank subtracted.  
 



 



Batch Quality Control 



1. Blanks – A method blank is analyzed with each batch to show no interference occurred during 
the extraction process. If target compounds are detected, the concentrations should be no more 
then 5X the MDL. If any component is above 5X MDL and the sample has target concentrations 
greater then 10X the blank levels, then the sample may be quantified and qualified. If blank 
concentration is greater then 5X MDL and the sample concentrations are less then 10X the blank 
level, the samples must be re-extracted and reanalyzed. If not possible, samples are to be 
qualified. In such a case, samples should not be blank corrected. 



2. The laboratory must analyze a TPH QC check (LCS) every batch or 5% of the samples. This is 
a fuel oil #2 independent standard at a concentration of 60 mg/ml. The recovery must be 45-
120% for soil samples and 60-120% for liquid samples. 
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3. Matrix Spikes must be analyzed every 5%of samples for each matrix. The matrix spike is a fuel 
oil#2 std. This std can be the same used for a calibration if a fuel oil#2 curve is current. The 
acceptable recovery for matrix spike is 55-120% for soil samples and 60-120% for liquid 
samples. The concentration for the Matrix is 60 mg/mL of diesel#2. Note: for unknown sources, 
the laboratory may use the calibration hydrocarbon mix for the spike. 



4. Resolution Check Requirements is that separation is needed between phytane and C18, also 
between pristine and C17. 



5. Surrogate retention times must fall within + or – 3 Standard Deviations of the calculated value. 
The calculated value is based on + or – 3 standard deviations of each surrogate over 3 analysis 
during a 72 hour period. 
 



12. Contingencies for Handling Out-of-Control Data or Unacceptable 
Data 
Samples that due not meet ISTD or Surrogate Area criteria have failing CCV either on the 
beginning or end of sample analysis should be re-analyzed 



.  



13. Method Performance 
13.1   Method Detection Limit Study (MDL) / Limit of Detection Study (LOD) / 



Limit of Quantitation (LOQ) 
The laboratory follows the procedure to determine the MDL, LOD, and/or LOQ as outlined in 
Alpha SOP/08-05.  These studies performed by the laboratory are maintained on file for 
review. 



The laboratory follows the procedure found in 40CFR Part 136 to determine the MDL on an 
annual basis.  MDL Studies may be conducted more frequently if specified by the reference 
method.  The method detection limits determined by the laboratory are on file for review. 



 



13.2 . Demonstration of Capability Studies  
Refer to Alpha SOP/08-12 for further information regarding IDC/DOC Generation. 
13.2.1 Initial (IDC) 



The analyst must make an initial, one-time, demonstration of the ability to generate 
acceptable accuracy and precision with this method, prior to the processing of any 
samples. 



13.2.2 Continuing (DOC) 



The analyst must make a continuing, annual, demonstration of the ability to 
generate acceptable accuracy and precision with this method.   



 



Refer to SOP/08-12 for further information regarding IDC Generation. 
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14. Pollution Prevention and Waste Management 
Sample extracts and used standards are disposed of according to the Semi-Volatile extract 
disposal procedure. 



Refer to Alpha’s Chemical Hygiene Plan and SOP/14-01 Waste Management and Disposal for 
further pollution prevention and waste management information.  



 



15. Referenced Documents 
Chemical Hygiene Plan 



SOP/08-05 MDL/LOD/LOQ Generation 



SOP/08-12 IDC/DOC Generation 



Waste Management and Disposal SOP 



 



16. Attachments 
Sample Chromatograms 
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Sample Chromatograms 
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1.0 Purpose and Applicability 
  



The purpose of this Standard Operating Procedure is to determine the impact, based on survival 
and growth, of sediments to midge larvae exposed under static renewal conditions. The exposure 
period for this assay is 10 days. The assay is completed using guidelines developed by ASTM 
and U.S. Environmental Protection Agency (USEPA) and is provided in Standard Test Methods 
for Measuring the Toxicity of Sediment-Associated Contaminants with Freshwater Invertebrates 
(ASTM E 1706-05e) and Methods for Measuring the Toxicity and Bioaccumulation of Sediment-
Associated Contaminants with Freshwater Invertebrates. Second Edition (USEPA). 



 
 At the end of the 10-day exposure period the midge larvae are recovered, enumerated and dried 



to establish survival and growth. Growth is expressed as the average weight/surviving individual 
and average biomass (total biomass in a replicate divided by the number of organisms in that 
replicate at the start of the exposure). 



 
This document has been modified to meet project work scope requirements for the Lower 
Passaic River Ecological Risk Assessment. The work is being conducted under contract to 
Windward Environmental, LLC. 



 
 
2.0 Definitions 
 



Overlying Water:  Water placed over sediment in a test chamber during a test. 
 
 Reference-Toxicity Test:  A test conducted with reagent-grade reference chemical to assess the 



sensitivity of the test organisms. Deviations outside an established normal range may indicate a 
change in the sensitivity of the test organism population. Reference-toxicity tests are most often 
performed in the absence of sediment. 



 
Sediment:  Particulate material that usually lies below water. Formulated particulate material that 
is intended to lie below water in a test. 



 
Whole Sediment:  Sediment and associated pore water which have had minimal manipulation. 
The term bulk sediment has been used synonymously with whole sediment. 



 
Pore Water:  Water located in the spaces between grains of sediment 
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3.0 Applicable Documents/References 
 



ASTM. 2009. Standard Test Method for Measuring the Toxicity of Sediment-Associated 
Contaminants with Freshwater Invertebrates.  E 1706-05e, West Conshohocken, PA. 



 
U.S. EPA. 2000. Methods for Measuring the Toxicity and Bioaccumulation of Sediment-
Associated Contaminants with Freshwater Invertebrates. Second Edition. EPA/R-99/064. March 
2000. 



 
ESI SOP# QA-1203-R5-2003: Preparation of Daphnia Food 



 
ESI SOP#QA-1339-R4-2008: Collection of Sediment Pore Water Samples 



 
ESI SOP#QA-1219-R0-2009: Use and Operation of the YSI Model 556 Multi Probe System meter 
 
ESI SOP#QA-1114-R3-2003: Conduct of Reference Toxicant Assays 
 
ESI SOP#QA-1341-R1-2009: Sulfide Analysis by Titration 
 
ESI SOP#QA-1320-R6-2009: Statistical Analysis of Acute and Chronic Exposure Bioassay Data 
 
ESI SOP#QA-1309-R4-2009: Computation of Hardness by Calculation Method 
 
ESI SOP#QA-1326-R6-2009: Alkalinity by Lachat using the Automated Phenate Method 
 
ESI SOP#QA-1325-R8-2009: Ammonia by Lachat 
 
ESI SOP#QA-1336-R4-2007: Measurement of Total Organic Carbon using the Phoenix 8000 
Analyzer 



 
4.0 Materials and Apparatus 
 



Test animals of appropriate age 
Beakers, 400 mL, drilled and screened 
Incubator/ waterbath, capable of maintaining a temperature of  23 ±˚C 
Dissolved oxygen meter, pH meter, conductivity meter, temperature logger 
Light meter 
Balance capable of reading 0.01 mg 
Drying Oven, 60 ±5˚C 
Muffle furnace, 550˚C 
Tetramin® Fish Food 
Components for artificial sediment - fine sand and organic material 
Sieves 
Refractometer 
Inert gas - Nitrogen or Argon for sample storage 
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5.0 Methods/Procedures 



 
 5.1 Test Material 



 
5.1.1 Test substances will be clearly identified as to source, collection date, and period 



of collection. A description of collection methods may also be provided.  The 
laboratory will identify sample storage procedures and maintain receipt, storage, 
usage and disposition records.  



 
5.1.2 Project site sediments are stored at 2-4˚C in the original shipping container. 



Maximum holding time is 8 weeks. Once open, headspace within a sample 
container with remaining sample is purged using an inert gas prior to storage. 
Inert gas can be either nitrogen or argon. 



 
5.1.3 Prior to test preparation, the sediment is warmed to 23˚C. 



 
5.1.4 Prior to use in the assay, sediment total organic content (loss on ignition) is 



measured for each sediment sample. 
 



5.1.5 Prior to use in the assay, pore water salinity is measured using a refractometer or 
salinometer, as appropriate. 



 
5.1.6 Prior to use in the assay, pore water ammonia, pH, hardness and alkalinity is 



measured in a sub-sample of each sediment sample. 
 
 5.2 Test Organisms 
 



5.2.1 Healthy larvae from the same source and age, second to third instar, with at least 
50% of the organisms having achieved third instar stage, are used in the tests.  
Midge larvae are considered to be at the third instar stage between 8 and 10 
days after the egg masses hatch. 



 
5.2.2 Confirmation of species is provided by the supplier.  If not provided, ESI will use 



the services of a qualified taxonomist to confirm the species (e.g., the zoology 
department of the University of New Hampshire, the taxonomy group of 
Normandeau Associates, Bedford, NH). Organisms maintained by ESI will be 
from cultures of the confirmed species. 



 
5.2.3 Pretest observation data concerning the source, handling procedures, disease 



treatment (if any), health, feeding and mortality of test animals are recorded and 
reported. 



 
5.2.4 Initial weight is obtained on each batch of organisms tested by randomly 



selecting a minimum of 20 organisms from the pool to be used in the assay. The 
organisms are rinsed, placed on tared weigh pans and dried at 60˚C for 24 
hours. The dried organisms are then cooled in a dessicator and weighed to the 
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nearest 0.01 mg to obtain mean initial dry weight.  
 
 5.3 Exposure Conditions 
 



Exposure conditions and monitoring requirements detailed in the following paragraphs 
are the minimum requirements specified by ESI for this assay. Notify the project manager 
prior modifying exposure conditions or monitoring requirements. 



 
5.3.1 Sediments are placed in vessels, overlying water is added and the samples are 



allowed to settle overnight before organisms are added to the test. 
 



5.3.2 Assays are conducted in a static renewal mode.  Overlying water is renewed at 
the rate of two (2) volume additions per day. 



 
5.3.3 Mean water temperature is maintained at 23 +1˚C. The daily mean temperature 



must be within ±1˚C of the specified temperature and maximum temperature 
deviations should not exceed ±3˚C of the specified value at any time. 



 
5.3.4 The photoperiod is set for 16 hours light : 8 hours dark.  Light intensity is 400 - 



1000 lux from wide spectrum fluorescent fixtures. 
  



5.3.5 The test vessels are 400 mL beakers containing 100 mL of sediment and 225 mL 
of water. 



 
5.3.6 Sediment for the laboratory control treatment is a formulated sediment. 



Formulated sediments are prepared, by weight, as follows: 
 



 Fine grained sand - 95% 
 Organic matter - 5% (approximate) 



 
Sand used consists of an equal mix of F-75 and F-65 unground quartz (silica) 
sand provided by New England Silica. 



 
The preferred source for organic matter in the artificial sediment is the organic 
matter recovered from either midge larvae or amphipod cultures. The material is 
screened to remove large matter and then autoclaved for a half hour to ensure 
sterility. Organic content of the control sediment will contain approximately 5% 
organic matter to be similar in organic content to project site sediments based on 
historical data for surface sediments collected from the study area between 2005 
and 2008 (information provided by the CPG). 



 
5.3.7 Overlying water is natural surface water collected by ESI from a location with a 



documented history of acceptable use in culturing and conducting tests with C. 
dilutus. The natural surface water is filtered using a 100µm screen prior to use. 
Basic properties of the overlying water, such as alkalinity, hardness, ammonia 
and specific conductance should not vary by more than 50% between the start 
and end of the assay.  
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 5.4 Study Conduct 
 



5.4.1 Test organisms are exposed to the test sediment(s) and untreated control 
sediment for 10 days, under static renewal conditions.  



 
5.4.2 A representative sample will be obtained from the homogenized test sediment 



and 100 mL of sediment is placed in the test chamber. Then 225 ml of overlying 
water is added to the test chambers and allowed to settle overnight.  Prior to the 
addition of the test organisms any floating detritus is removed from the surface of 
the water. 



 
5.4.3 Overlying water  



 
5.4.3.1 Overlying water is natural surface water (filtered using a 100µm screen). 



Conductivity of the overlying water is documented and reported on a 
daily water quality sheet prior to use in the assay. 



 
5.4.3.2 Daily overlying water renewals are conducted using a system developed 



by ESI. The system provides equal flow to a specified number of test 
chambers, variable based on test chamber size. Flow to each chamber is 
controlled by fixed diameter orifice. The total amount of overlying water 
to be exchanged is computed and added to the unit. Flow starts when 
water is added to the system on Day -1. Water is added to the system so 
that all water required for the renewal is added within 15 seconds. If the 
system cannot hold sufficient water for the 2 volume additions then a 
second addition to each chamber will be made. Flow rates will be set 
prior to the start of an assay and maintained constant throughout the 
assay. Flow rates will be set to minimize disturbance and re-suspension 
of the sediment surface and to prevent water levels from overflowing the 
test chambers.  



 
5.4.4 Test organisms are second to third instar, with 50% of the organisms having 



reached the third instar stage, at the start of the assay. Prior to use, test 
organisms should be held for a minimum of two hours under similar conditions to 
those used in the assay. 



 
5.4.5 Each treatment group will consist of 80 animals with 10 animals placed randomly 



in each test vessel. 
 



5.4.6 Measurement of Water Characteristics 
 



5.4.6.1 Prior to renewal, dissolved oxygen, pH, conductivity and temperature are 
measured daily during the test in one surrogate test chamber for each treatment.  
Surrogate chambers are treated in the same manner as all other replicates 
including the addition of  test organisms and feeding schedule. 
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5.4.6.2 Temperature in the water baths used to maintain constant temperature in 
the test chambers is measured on an hourly basis using a data-logger placed in 
a test chamber containing dry sediment. The chamber is weighted to keep it from 
floating in the water bath.  



    
5.4.6.3 Alkalinity, hardness and ammonia are measured in the overlying water in 
a surrogate test chamber for each treatment at the start and end of the assay.   



 
5.4.6.4 At the end of the assay, pore water ammonia and pH levels are 
determined for each sample treatment. Pore water for these measurements are 
collected from a surrogate test chamber. 



 
5.4.7 Midge larvae are fed 1.5 mL of 6.0 g/L Tetramin® flake fish food suspension 



daily. Feeding is suspended if fungus is noted forming on more than 
approximately 25% of the sediment surface. 



 
5.4.8 The assay is terminated on Day 10 at the conclusion of the full 10-day exposure 



period. Test sediment is removed from the test vessel, placed on an 
appropriately sized screen and washed with water.  Midge larvae are rinsed, 
collected, counted, and set aside for determination of survival and growth (ash 
free dry weight). 



 
5.4.9 Surviving larvae from each individual replicate are rinsed again with lab water, 



to remove any detritus, then placed on a tared pan and dried at 60˚C for 24 
hours.  Pans are cooled to room temperature in a desiccator and weighed to the 
nearest 0.01 mg. (This is recorded as dry weight.)  Pans are then placed in a 
muffle furnace and organisms are ashed for two hours at 550˚C. Pans are 
cooled to room temperature in a desiccator and weighed to the nearest 0.01 mg.  
(This is recorded as ash weight.)  The tissue mass of the larvae is determined 
as the difference between the weight of the dried larvae plus pan and the weight 
of the ashed larvae plus pan.  



 
 
6.0 Quality Control Requirements 
 



6.1 Acceptance Criteria 
 



6.1.1 Mean control survival >70%, mean ash free dry weight >0.48 mg per individual. 
Hardness, alkalinity and ammonia levels of overlying water stock not to vary by 
50% during assay 



 
6.1.2 All criteria from Section 11: Summary of Test Conditions, must be met. 



 
 6.2 Reference Toxicant Evaluation 
 



A reference toxicant evaluation should be conducted with each series of assays, ESI 
SOP#1114-R3-2003.  The reference toxicant shall be a 96-hour ‘water only’ test 
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conducted with cadmium chloride. 
 



6.3 Interferences 
 



Living organisms present in the sample may compete with the midge larvae or may be 
predators, reducing overall survival.  



 
 
7.0 Calculations/Reporting 
 



7.1 Data Analysis 
 



Survival and growth data from each treatment will be subjected to analysis of variance 
(ANOVA) to determine if significant differences exist between treatments and the control. 
Statistical evaluations will be made with CETIS® software using appropriate standard 
statistical models. 



 
7.1.1 Prior to statistical analysis, the survival and growth data are reviewed to 



determine the presence of outliers.  If outliers are found, an explanation must be 
sought. If a reasonable source for the deviation is found, the value may be 
excluded from further analysis.  If no explanation is found, the analysis should 
be performed both with and without the questionable data point and both sets of 
results reported.  All data sets are evaluated to determine sample variance 
homogeneity and normality.  Those data sets meeting the criteria for normality 
and homogeneity are evaluated with parametric statistical models, while those 
that do not meet both criteria are evaluated using non-parametric models. See 
SOP QA-1320 - “Statistical Analysis of Acute and Chronic Exposure Bioassay 
Data” 



 
7.1.2 Endpoints to be evaluated include; survival and growth, measured as ash free 



dry weight and ash free dry biomass, after10 days of exposure.  
 



7.1.3 Statistical comparisons for each sample site will be made against the laboratory 
control treatment.  



 
7.2 Reporting 



 
Reports generated include: summarization of collection and transportation information (as 
provided), methods and materials, test organism  history, test conditions, documentation 
of variation from proposed work scope, and results and data analysis. Copies of all 
statistical printouts and raw data will be attached as appendices to the report. 
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8.0 Corrective Actions 
 
 8.1 Acceptability Criteria. The midge assay is considered acceptable if: 
 



8.1.1 Environmental parameters (temperature, dissolved oxygen, conductivity, pH, 
alkalinity and hardness) fall within the ranges specified. (i.e., hardness and 
alkalinity of overlying water stock does not vary by 50% during the assay).    



 
8.1.2 Mean control survival is >70% 



 
8.1.3 Mean ash free dry weight is >0.48 mg per individual in the controls. 



 
8.1.4 Criteria specified in Section 11 are met. 



 
8.2 If survival fails to meet the minimum value specified by the protocol the client will be 



notified and the test restarted.  Water quality data are reviewed when collected and any 
necessary steps are taken to ensure that values approaching, or outside study limits, are 
corrected.  In such cases the Project Manager will be notified. 



   
 8.3 If water quality values fall outside study limits the Project Manager, using sound scientific 



practice, will determine if the study requires repeating or the data are allowed to be 
accepted.  The client will be notified, the results reviewed and a final determination made 
as to the acceptability of the data. 



 
 8.4 In the event that an element of the assay falls outside acceptable limits, or there is a 



change in the protocol, a Corrective Action Report must be initiated and completed. 
 
 
9.0 Health and Safety 
 



9.1 As with all samples, gloves and safety glasses should be worn when handling sediment 
samples and chemicals.  It is advisable to wear a lab coat to protect clothing. 



 
 9.2 At the end of the process, excess sample material and material used in the collection 



process will be disposed of appropriately. Material may be returned to the client, or air 
dried and placed in an appropriate container for disposal at an approved disposal facility. 
If the material is classified as non-hazardous, the material may be disposed in an 
appropriate waste container. 



 
 9.3 Sample disposal will be conducted using procedures to minimize potential pollution of 



surface and ground waters, soils and sediments. 
 
 
10.0 Responsibilities  
 



10.1 It is the Project Manager's responsibility to ensure analysts performing this procedure are 
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properly trained and the training is documented in their training file.  The analyst is 
responsible for following the procedures outlined in this SOP. 



 
 10.2 Prior to any staff member working unsupervised on a testing procedure, they must be 



certified by the Project Manager.  Certification will include reading this and associated 
SOP’s, review of the primary literature and participation in similar procedures under the 
direct supervision of a trained staff member. Certification will be based upon a review of 
the persons’ demonstrated abilities. 
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11.0 Summary of Test Conditions  
1. Test Mode:  Static renewal 
2. Water Renewal:   2 volume additions per day 
3. Temperature:   Mean 23 ±1˚C , no values exceeding limits of ±3˚C of the mean 
4. Photoperiod:   16 hr light : 8 hr dark 
5. Light Source:   Wide-spectrum fluorescent 
6. Light Intensity:   Approximately 400 -1000 lux 
7. Test Chamber:   400 mL beakers 
8. Test Solution Volume:  100 mL sediment; 225 mL overlying water 
9. Organisms/Chamber:  10 
10. Replicates/Treatment:   8 
11. Organisms per Treatment:  80 
12. Age of Organisms:   Second to third instar with ≥50% of the midge larvae at third instar 
13. Food Source:   6.0 g/L Tetramin® flake fish food suspension 
14. Feeding Regime:   1.5 mL of flake fish food suspension per day 
15. Dilution Water:   Moderately hard reconstituted laboratory water prepared as specified 



in Table 1 (page 26) of EPA-600/4-91/002 mixed with a natural surface 
water on a 50/50 basis. 



16. Aeration:    If dissolved oxygen falls below 2.5 mg/L, then all vessels are aerated 
at 1 bubble/second delivered 2 cm above the sediment interface. 



17. Test Duration:   10 days 
18. Endpoint:    Mortality and growth, as ash free dry weight and ash free dry biomass 



(to 0.01 mg) 
19.Sample Holding Time:   8 weeks at 2-4˚C after collection from the field. Displace headspace 



with inert gas after opening sample container. 
20. Acceptability:   Control survival equal to or exceeding 70%; mean ash free dry weight 



of at least 0.48 mg per individual; hardness, alkalinity and ammonia of 
overlying water not  to vary by more than 50% during assay. 



21. Analytical Support:   Daily measurement of temperature, dissolved oxygen, specific 
conductance, salinity and pH in overlying water of one replicate of 
each treatment. Measurement of alkalinity, hardness and ammonia in 
overlying water in one replicate of each treatment at the start and at 
the end of the assay. Measurement of salinity, ammonia, pH, hardness 
and alkalinity in pore water isolated from a sub-sample of whole 
sediment from each treatment at the start of the assay. Measurement 
of ammonia and pH in pore water isolated from sediment in the 
surrogate test chamber for each treatment at the end of the assay. 
Hourly temperature measurement in a separate test vessel. 
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1.0 Purpose and Applicability 
 



This Standard Operating Procedure describes the method used for assessing the toxicity 
potential of marine and estuarine sediments to the amphipod, Ampelisca abdita. The assay is 
conducted using guidelines developed by ASTM and is provided in Standard Guide for Measuring 
the Toxicity of Sediment-Associated Contaminants with Marine and Estuarine Amphipods. (ASTM 
E1367-03). 
 
The 10-day assay involves exposing organisms to solid phase sediment samples and overlying 
water in aerated 1L glass test chambers under static renewal conditions. Water quality data are 
collected daily, and observed sublethal effects such as inability to burrow are recorded. At the 
end of the 10 day exposure period, the amphipods are recovered from sediment and counted. 
 
This document has been modified to meet project work scope requirements for the Lower 
Passaic River Ecological Risk Assessment. The work is being conducted under contract to 
Windward Environmental, LLC. 
 



 
2.0 Definitions 
 
 Overlying Water: the water placed over sediment in a test chamber during a test. 
 



Reference-Toxicity Test: a test conducted with reagent-grade reference chemical to assess the 
sensitivity of the test organisms. Deviations outside an established normal range may indicate a 
change in the sensitivity of the test organism population. Reference-toxicity tests are most often 
performed in the absence of sediment. 



 
Pore water: water located in spaces between grains of sediment. 



 
Sediment: particulate material that usually lies below water; formulated particulate material that is 
intended to lie below water in a test. 



 
Whole Sediment: sediment and associated pore water which have had minimal manipulation. The 
term bulk sediment has been used synonymously with whole sediment. 



 
 
3.0 Applicable Documents/References 
 



U.S. EPA. 1994.  Methods for Assessing the Toxicity of Sediment-associated Contaminants with 
Estuarine and Marine Amphipods.  EPA 600/R-94/025. 



 
ASTM.  2008. 11.06, Standard Guide for Measuring the Toxicity of Sediment-Associated 
Contaminants with Marine and Estuarine Amphipods.  E-1367-03 (2008). 



 
ESI SOP# QA-1203-R5-2003: Preparation of Daphnia Food 



 
ESI SOP#QA-1339-R4-2008: Collection of Sediment Pore Water Samples” 
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ESI SOP#QA-1219-R0-2009: Use and Operation of the YSI Model 556 Multi Probe System meter 
 
ESI SOP#QA-1114-R3-2003: Conduct of Reference Toxicant Assays 
 
ESI SOP QA-1118-R3-2006:  Corrective Action Reports 
 
ESI SOP#QA-1341-R1-2009: Sulfide Analysis by Titration 
 
ESI SOP#QA-1320-R6-2009: Statistical Analysis of Acute and Chronic Exposure Bioassay Data 
 
ESI SOP#QA-1309-R4-2009: Computation of Hardness by Calculation Method 
 
ESI SOP#QA-1326-R6-2009: Alkalinity by Lachat using the Automated Phenate Method 
 
ESI SOP#QA-1325-R8-2009: Ammonia by Lachat 
 
ESI SOP#QA-1336-R4-2007: Measurement of Total Organic Carbon using the Phoenix 8000 
Analyzer 



 
 
4.0 Materials and Apparatus 



 
A. abdita; immature, 2-4mm total length 
Beakers, 1L, drilled and screened to facilitate water exchanges  
Incubator/water bath capable of maintaining a temperature of 20 ±1˚C 
Aeration system 
Natural control sediment 
Natural sea water, 30ppt 
Dissolved oxygen meter, pH meter, conductivity meter, salinity meter and temperature logger 
Light table 
Light meter 
Sieves 
Refractometer 



 
 
5.0 Methods/Procedures 
 
 5.1 Test Material  
 



 5.1.1 Test substances will be clearly identified as to their source, collection date, and 
period of collection. A description of collection methods may also be provided. 
This information must be recorded on a Chain of Custody record which 
accompanies the samples, unless arranged otherwise. Sample handling (i.e. 
receipt, storage and disposition) will be recorded and maintained by ESI 
personnel. See SOP QA-1109 – “Sample Receipt, Handling and Disposal” for 
more information.  
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5.1.2 Project site sediments are stored at 2-4˚C in the original shipping container. The 
maximum holding time for the sediment is eight (8) weeks. Once open and prior 
to restorage, headspace within a sample container is purged using an inert gas. 
Inert gas can be either nitrogen or argon. 



 
5.1.3 Prior to test preparation, the sediment is warmed to test temperature (20˚C). 



 
5.1.4 Prior to use, sediment total organic content (loss on ignition) is measured for 



each sediment sample. 
 



5.1.5 Prior to use in the assay, pore water salinity will be measured using a 
refractometer or salinometer, as appropriate. 



 
5.1.6 Prior to use in the assay, sediment pore water ammonia and pH will be 



measured. 
 



5.2 Test Species 
 



5.2.1 Amphipods used in testing are immature, 3-5 mm in total length. No adult males 
or females are used in the assay. Organisms are obtained from a commercial 
source which meets ESI quality assurance standards. Amphipods received from 
a commercial supplier are maintained under static renewal conditions, at similar 
water quality, photoperiod and temperature as will be used during testing. 



 
5.2.2 Confirmation of species is provided by the supplier. If not provided, the species 



will be verified using appropriate taxonomic keys. ESI will use the services of a 
qualified taxonomist to confirm the species (e.g., the zoology department of the 
University of New Hampshire or the taxonomy group of Normandeau Associates, 
Bedford, NH). Organisms maintained by ESI will be from cultures of the 
confirmed species. 



 
5.2.3 Pretest observation data concerning the source, handling procedures, disease 



treatment (if any), health, feeding, mean dry weight and mortality of test animals 
is recorded and reported.  



 
 5.3 Exposure Conditions 
 



Exposure conditions and monitoring requirements detailed in the following paragraphs 
are the minimum requirements specified by ESI for this assay. Notify the project manager 
prior to modifying exposure conditions or monitoring requirements. 



 
5.3.1 Test chambers are 1 liter drilled, screened beakers filled with 2 cm (~175 mL) of 



sediment with overlying water brought to 800 mL total volume. 
 



5.3.2 Overlying water is natural seawater, obtained from the Hampton/Seabrook 
Estuary adjusted to a salinity of 30 ppt and temperature of 20 ± 1˚C. Water may 
be passed through a filter, prior to use, to remove debris. If the dilution water 
salinity is below the range of 30±2 ppt, the sample is adjusted with commercially 
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purchased marine salts.  
 



5.3.3 Control sediment is a natural marine sediment obtained from the organism 
supplier and collected from the same location as the test organisms. The control 
sediment is sieved through a ≥2mm screen to remove large debris and living 
organisms. The source of the control sediment must be indicated the final report. 



 
5.3.4 The assay is conducted in static renewal mode, overlying water is replaced, at a 



rate of two volume additions daily. 
  



5.3.5 Dissolved oxygen concentration is maintained at >6.0 mg/L saturation during the 
test. Dilution water is extensively aerated to assure dissolved oxygen 
concentrations are above 6.0 mg/L prior to use.  Test chambers are aerated from 
initiation at a rate of 100 bubbles/minute. 



 
5.3.6 Photoperiod is set at 24 hours light : 0 hours dark. Light intensity is maintained at 



500-1000 Lux. 
 
5.3.7 Sediment pore water unionized ammonia levels must be analyzed before the 



initiation of the assay. See SOP QA-1339 – “Collection of Sediment Pore Water 
Samples”. The unionized ammonia levels must be below 0.4 mg/L in all 
treatments before the start of the assay. In the event that unionized ammonia 
levels are above 0.4 mg/L, the affected treatments are rinsed with 2 volume 
additions of laboratory control dilution water daily, and ammonia values are 
reanalyzed until the value is within acceptable bounds. 



 
 5.4 Study Conduct 
 



5.4.1 Prior to the initiation of the assay, sufficient sediment must be added to each test 
chamber to maintain the required 2 cm depth (~175mL). Sediment is smoothed 
to a uniform depth. The volume of sediment in the vessels must be consistent 
among all test treatments.  



 
5.4.2 The appropriate amount of overlying seawater is added to the test vessels. 



Vessels are allowed to settle, undisturbed, for at least 24 hours prior to the 
addition of test organisms. 



 
5.4.3 Each test treatment consists of 5 replicates with a total of 100 organisms, 20 



amphipods per test chamber. 
 



5.4.4 Organisms are randomly assigned to vessels (providing that unionized ammonia 
concentrations are less than 0.04 mg/L) as follows: 



 
5.4.4.1 Amphipods are counted, into pill cups containing seawater. Ten 



organisms are added to each pill cup. Two pill cups of organisms are 
added to each vessel. Pill cups must again be checked, to ensure that all 
organisms have been added to the vessel because A. abdita have a 
tendency to stick to pipets and pill cups. 
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5.4.4.2 Vessels are checked one hour after organisms are added. Organisms 



that have not burrowed into the sediment may be replaced. Organisms 
that burrow, but then resurface, are not replaced. Amphipods that are 
caught on the surface of the overlying water are gently sunk. 



 
5.4.5 Animals are not fed during the assay. 



 
5.4.6. Measurement of Water Characteristics 



 
5.4.6.1 Prior to renewal, dissolved oxygen, pH, salinity and temperature are 



measured daily during the test in one surrogate test chamber for each 
treatment. Surrogate chambers are treated in the same manner as all 
other replicates including the addition of test organisms. 



 
5.4.6.2 Temperature of the water baths used to maintain constant temperature in 



the test chambers is measured on an hourly basis using a data-logger 
placed in a test chamber containing dry sediment. The chamber is 
weighted to keep it from floating in the water bath. 



 
5.4.6.3 Overlying water and sediment pore water from the surrogate test 



chamber is analyzed for ammonia and pH at the start, day 3 and end of 
the assay.   



 
5.4.7 Dead organisms should be recorded and removed daily. An amphipod is 



considered dead if it does not respond to gentle probing. Throughout the assay, 
the following organismal behaviors should be noted as they are observed: test 
organisms that have left their tubes on the sediment or water surface, organisms 
that are near-dead and only exhibiting a pleopod muscular twitch, and the 
presence of molts. Emergence from the sediment and the inability of the 
organisms to construct proper tubes are sublethal behaviors that may ultimately 
result in death.  



 
 5.5 Study Termination 
 



5.5.1 The assay is terminated on Day 10 at the conclusion of the full 10-day exposure 
period. Water quality parameters are recorded and ammonia samples are 
collected following the schedule in Section 5.4.6. 



 
5.5.2 The contents of each vessel are individually washed through an appropriately 



sized screen and gently rinsed with overlying control water to remove sediment. 
The material remaining on the screen is examined to recover remaining 
amphipods. Any amphipod that shows signs of movement is considered alive, 
and recorded.   



 
5.5.3 A. abdita are tube-dwelling organisms. It is imperative that all sediment is 
examined very carefully. Sediment tubes and clumps must be gently broken apart to 
recover all surviving organisms. 
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6.0 Quality Control Requirements 
 



6.1 For the assay to be considered valid, conditions must meet those specified in Section 11: 
"Summary of Test Conditions". The acceptability criteria requires ≥90% survival in the 
control sediments. 



 
6.2 A reference toxicant test must be successfully conducted with each batch of organisms 



used for testing, ESI SOP#1114-R3-2003. The assay can run concurrent with a client 
assay. See SOP QA-1114 - “Conduct of Reference Toxicant Assays”. The reference 
toxicant shall be a 96-hour ‘water only’ test conducted with cadmium chloride.  



 
6.3 It is crucial to refer to each project’s scope of work before the beginning of testing to 



ensure that all individual requirements are satisfied. 
 
 6.4 It is imperative that all materials (i.e. data sheets) are reviewed on a daily basis by 



personnel performing the assay to ensure that all applicable data are available and 
accurate. 



 
6.5 Living organisms present in the sample may compete with the amphipods or may be 



predators, reducing overall survival.  
 
 
7.0 Calculations/Reporting 
 



7.1 Data Analysis 
 



Survival and data from each treatment will be subjected to analysis of variance (ANOVA) 
to determine if significant differences exist between treatments and the control.  
Statistical evaluations will be made with CETIS® software using appropriate standard 
statistical models. 



 
7.1.1 Prior to statistical analysis, the survival data will be reviewed to determine the 



presence of outliers. If outliers are found, an explanation must be sought. If a 
reasonable source for the deviation is found, the value may be excluded from 
further analysis. If no explanation is found, the analysis should be performed both 
with and without the questionable data point and both sets of results reported.  
All data sets are evaluated to determine sample variance homogeneity and 
normality. Those data sets meeting the criteria for normality and homogeneity are 
evaluated with parametric statistical models, while those that do not meet both 
criteria are evaluated using non-parametric models. 



 
7.1.2 The endpoint to be evaluated is survival after 10 days of exposure. 



 
7.1.3 Statistical comparisons for each sample site will be made against the laboratory 



control treatment. 
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7.2 Reporting 
 



Reports generated from this study will include: summarization of collection and 
transportation information (as provided), methods and materials, test organism history, 
test conditions, documentation of variations from the proposed work scope, results and 
data analysis. Copies of all statistical printouts and raw data are attached as appendices 
to the report. 



 
 
8.0 Corrective Actions 
 
 8.1 The amphipod assay is considered acceptable if survival in the control sediments after 10 



days is ≥90%. 
 
 8.2 If any parameter fails to meet the criteria specified in the "Summary of Test Conditions", 



the laboratory manager or project director must be notified immediately. 
 
 8.3 If the results of the reference toxicant assay are outside two standard deviations of the 



historic laboratory mean, the laboratory manager must be notified immediately. 
 
 8.4 In the event that an element of the assay falls outside acceptable limits, or there is a 



change in the protocol, a Corrective Action Report must be initiated and completed. Refer 
to SOP QA-1118 - “Corrective Action Reports”. 



 
 
9.0 Health and Safety 
 



9.1 As with all samples, gloves and safety glasses should be worn when handling samples 
and chemicals. It is advisable to wear a lab coat to protect clothing. 



 
 9.2 At the end of an assay excess sample material and material used in the assay will be 



disposed of properly. Material may be returned to the client, or air dried and placed in an 
appropriate container for disposal at an approved disposal facility. If the material is 
classified as non-hazardous, the material may be disposed in an appropriate waste 
container. 



 
 9.3 Assays and sample disposal will be conducted using procedures to minimize potential 



pollution of surface and ground waters, soils and sediments. 
 
 
10.0 Responsibilities  
 



10.1 It is the Lab Manager's responsibility to ensure analysts performing this procedure are 
properly trained and the training is documented in their training file. The analyst is 
responsible for following the procedures outlined in this SOP. 



 
 10.2 Prior to any staff member working unsupervised on a testing procedure, they must be 



certified by the Laboratory Manager. Certification will include reading this and associated 
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SOPs, review of the primary literature and participation in similar procedures under the 
direct supervision of a trained staff member. Certification will be based upon a review of 
the analysts’ demonstrated abilities. 
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11.0 Summary of Test Conditions 
 
1.   Test Mode:    Static Renewal 
2.   Test Duration:   10 Days 
3.   Renewal Schedule:   2 volume exchanges daily in Static Renewal Mode 
4.   Temperature:   20 ±1˚C 
5.   Photoperiod:   24 hr light / 0 hr dark 
6.   Light Source:   Wide - spectrum fluorescent 
7.   Light Intensity:   500 to1000 Lux 
8.   Salinity:    30±2 ppt 
9.   Test Chamber:   1000 mL beakers 
10.  Solution Volume:   800 mL overlying water 
11.  Sediment Depth:   2 cm (~175 mL) 
12.  Organisms/Chamber:  20 
13.  Replicates/Treatment:  5 per treatment 
14.  Treatments:   Site Sediment, Control Sediment 
15.  Age of Organisms:   Immature amphipods, 3 to 5 mm - no reproductive adults  
16.  Feeding Regime:   None 
17.  Overlying Water:   Natural Seawater 
18.  Aeration:    Continuous aeration to ≥6.0 mg/L 
19.  Endpoint:    Survival 
20.  Acceptability:   Mean lab control survival of ≥90%  
21.  Support Chemistry:   Daily measurement of dissolved oxygen, pH, salinity and 



temperature in a surrogate vessel for each treatment. Overlying 
ammonia on days 0, 3 and 10. Pore water ammonia and pH on 
days 0, 3, and 10. Hourly temperature readings in one surrogate 
vessel. 



22.  Sample Holding Requirements: Storage in dark, locked refrigerator at 2-4˚C; maximum holding 
time is 8 weeks from date sampled.  Headspace in opened 
sample containers with remaining sample will be purged using 
an inert gas prior to storage. Inert gas will be either nitrogen or 
argon. 
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